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ABSTRACT 

The des ign  and opera t ion  of an automatic recording system for the a n a l y s i s  

of ionospheric absorpt ion  measurements i s  discussed.  The system is intended t o  

replace  the  v i s u a l  measurement equipment p resen t ly  being used by the  Aeronomy 

Laboratory a t  the  Univers i ty  of I l l i n o i s .  

The automatic recording system g ives  absorpt ion  measurements which a r e  

propor t ional  t o  the  mean amplitude of the  r e f l e c t e d  s i g n a l .  I n  a d d i t i o n ,  the  

apparent  r e f l e c t i o n  height  of the  t ransmit ted  wave is  automat ica l ly  determined. 

Two methods of recording the  obtained da ta  a r e  desc r ibed ,  a s  w e l l  a s  various 

app l i ca t ions  of the proposed system, 
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1 INTRODUCTION 

1.1 The Ionosphere 

The t e r m  ionosphere was f irst  appl ied  by S i r  Robert Watson-Watt t o  t h a t  p a r t  

of  the  e a r t h ' s  atmosphere i n  which f r e e  e l e c t r o n s  e x i s t  i n  s u f f i c i e n t  q u a n t i t i e s  

t o  a f f e c t  t h e  propagation of r a d i o  waves,, The ionosphere may the re fo re  be con- 

s idered  a s  the  region l y i n g  between about 50 and 1000 km above the  su r face  of the  

e a r t h .  The dominant f e a t u r e  of t h i s  region is its r e l a t i v e l y  high value of 

e l e c t r i c a l  conduct iv i ty  r e s u l t i n g  from the  presence of the  f r e e  e l e c t r o n s  and the  

l o w  gas pressures  present  i n  t h i s  he igh t  range. 

I t  was once thought t h a t  the e l e c t r o n  dens i ty  var ied  i r r e g u l a r l y  w i t h  he igh t  

and t h a t  d i s t i n c t  l a y e r s  of e l e c t r o n s  would tend t o  form i n  d i f f e r e n t  regions.  

Based on t h i s  hypothes is ,  the ionosphere was divided i n t o  th ree  maximum d e n s i t y  

regions a s  fol lows:  D-region, from 50 t o  90 km; E- region, from 90 t o  160 km; 

and F- region, above 160 km. 

However, rocket  measurements have s i n c e  es t ab l i shed  t h a t  the  v a r i a t i o n  of 

e l e c t r o n  d e n s i t y  with he igh t  i s  not  necessa r i ly  cha rac te r i zed  by well-defined 

peaks, bu t  i s  sometimes d i s t ingu i shed  only by a v e r y  small  g rad ien t  of e l e c t r o n  

dens i ty  with h e i g h t ,  The e l e c t r o n  d e n s i t y  i s ,  t h e r e f o r e ,  considered t o  inc rease  

continuously w i t h  he igh t  throughout the  e n t i r e  ionosphere. I t  i s  s t i l l  conven- 

i e n t ,  however, t o  r e t a i n  the region des ignat ions  previous ly  mentioned and t o  

r e f e r ,  f o r  example, t o  any e l e c t r o n  d e n s i t y  peak occurr ing  wi th in  the E-region 

a s  the E- layer, 

Since the ionosphere is a h ighly  conductive region,  there i s  e s s e n t i a l l y  

no n e t  charge d e n s i t y  and the  e l e c t r o n s  must be accompanied by an equal  number 
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of p o s i t i v e l y  charged gaseous ions,  which may be e i t h e r  atomic o r  molecular.  

The i ons  and e l e c t r o n s  a r e  prTmarily produced by u l t r a v i o l e t  r a d i a t i o n  from the  

sun which ion i ze s  t he  e x i s t i n g  gas molecules and atoms i n  a p a r t i c u l a r  region,  

A s  the  i on i z ing  rad ia2 ion  pene t r a t e s  deeper and deeper  i n t o  t he  ionosphere,  

i t  encounters a gradua l ly  izcreasimg gas  d e n s i t y ,  thus producing an increas ing  

number of e l e c t r o n s  i n  each u n i t  volume. The r a d i a t i o n ,  however, i s  con t inua l ly  

being absorbed i n  t he  process .  Eventual ly  a po in t  is  reached where the  decrease 

i n  t he  r a d i a t i o n  i n t e n s i t y  is g r e a t e r  than t h e  increase  i n  the  gas  d e n s i t y ,  so 

t h a t  t he  r a t e  of e l e c t r o n  production begins t o  decrease a s  the  r a d i a t i o n  pene- 

t r a t e s  s t i l l  f a r t h e r  i n t o  t he  atmosphere. Thus, t he re  e x i s t s  a l e v e l  a t  which 

the  production sf e l e c t r o n s  is a maximum, and i t  i s  determined j o i n t l y  by the  

degree of absorp t ion  of t h e  r a d i a t i o n  and by the v a r i a t i o n  i n  the  gas  dens i t y ,  

The problem of determining the  r a t e  of  production a t  each level  is  a good 

dea l  more complicated, s i nce  the  atmosphere is composed o f  many d i f f e r e n t  gases  

and the  s o l a r  spectrum C O W ~ Y - S  a wide range of wavelengths. The s imples t  type of 

ionized l a y e r  t h a t  can be deduced from t h e o r e t i c a l  cons idera t ions  was proposed 

by Chapman (1931). His d e r i v a t i o n  was based on t he  following assumptions: 

(i) An atmosphere with only one type of  gas ,  

( i i  1 Plane s t r a t i f i c a t i o n  ( f l a t  e a r t h )  

( i i i )  A paraPle l  beam o f  monochromatic i on i z ing  r a d i a t i o n  from the  sun ,  

( i v )  An isothermal  atmosphere, 

The theory c l e a r l y  demonstra-tes t.he ex is tence  of a maximum dens i ty  l a y e r  a s  

p red ic ted .  

1 , 2  Ionospheric  R,adio Wave Propagation 

Having b r i e f l y  discussed t he  genera l  p rope r t i e s  o f  t he  ionosphere,  i t  is  

now poss ib le  t o  coas ide r  t he  propagation of an electromagnet ic  wave through t h i s  
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p a r t i c u l a r  type of medium. 

has  a cons tan t  i o n i z a t i o n  dens i ty  and is  no t  inf luenced by the  e a r t h ' s  magnetic 

f i e l d .  The electric f i e l d  E is  def ined by 

For s i m p l i c i t y ,  i t  w i l l  be assumed t h a t  t h e  region 

where E is  the  magnitude of t he  f i e l d  and f is the  propagation frequency. The 

fo rce  exer ted  on each f r e e  e l e c t r o n  of  charge -e i s  -eE.  I f  v i s  t he  e l e c t r o n  

0 

v e l o c i t y ,  Newton's second law f o r  t h e  motion of an e l e c t r o n  with mass m may be 

w r i t t e n  a s  

dv m - =  
d t  -eEo s i n  Zmf t 

In t eg ra t i on  of equat ion (1.2) g ives  an expression f o r  t he  e l e e t r o n  ve loc i ty  a s  

cos 2'rrft. eEo v = -  
2irmf 

Assuming t h a t  t he  e l e c t r o n  dens i ty  is  N e l e c t r o n s  per  u n i t  volume, the  

e l e c t r o n  movement w i l l  produce a convection cu r r en t  dens i ty  J given by c 

J = Nev. (1 -4 )  e 

S u b s t i t u t i o n  of equat ion (1.3) i n t o  t h i s  expression y i e l d s  

2 
-NE e 

2nmf 
0 cos 2lTft. J =  e 

In  add i t i on  t o  t he  convection cu r r en t  produced, t he  ohanging e lee t r ic  f i e l d  

w i l l  a l s o  g ive  a displacement c u r r e n t  dens i ty  J given by d 

d 
o d t  - 'oEO d t  

- s i n  2Tft  dE J = E  - -  
d 
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where E is  the  d i e l e c t r i c  cons tan t  of the  me,dium i n  t h e  absence of e l e c t r o n s .  o 

The t o t a l  currest dens i ty  J produced a s  a r e s u l t  of t he  wave propagating 

through the  medium is simply t h e  sum o f  the  convection cu r r en t  dens i ty  J and 

t h e  displacement c u r r e n t  dens i ty  J Prom equat ions  ( L . 5 )  and ( l e 7 I l  t he  t o t a l  

c u r r e n t  dens i ty  may be expressed ab 

C 

d e  

a 
J = 2 n f e I E  cos 2TTft -I__ cos 2 n f t  

0 0  2 nmf 

NE0e 

which can be w r i t t e n  i n  t he  fora 

I t  is  r e a d i l y  apparent  from- a comparison of equat ions (1.7) and (1.9) t h a t  a s  

a r e s u l t  of t he  presence of f r e e  e l e c t r o n s ,  t he  d i e l e c t r i c  cons tan t  E of t he  

ionosphere has  been reduced from E t o  E 
a 2 (1 - Me / 4 n  2 E  mf 1. o o o 

In  a non-absorbing medium, moreover, t he  phase r e f r a c t i v e  index 1-1 is  equal  

t o  t he  square roo t  of the  r a t i o  0f the d i e l e c t r i c  cons tan t  of the  medium E and 

the  d i e l e c t r i c  constan+, of f r e e  space E H e ~ c e ,  t he  phase r e f r a c t i v e  index 1-1 

of t he  ionosphere may be given as  

0 

S u b s t i t u t i n g  f o r  t he  cons tan t  terms i n  equat ion $1 I) 10) t he  phase r e f r a c t i v e  

index of the  ionosphere ca9 be w r i t t e n  a s  

1 
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p = (1 - 80.62 N/f 

t h  N and f are $expressed i n  MKS units ' .  

Fxom t h i s  exp re s s io  i t  i s  r e a d i l y  apparent t h a t  

i n t o  a s r e g i o n  such as the  ionosphere,  i n  which t he  e l e c t r o n  dens i ty  N i s  

s t e a d i l y  increas ing  with h e i g h t ,  t h e  r e f r a c t i v e  index w i l l  decrease ackoraing 

t o  equat ion (1.11). Moreover, a t  a s u f f i c i e n t l y  low frequency i t  may a t t a i  

the condi t ion  p = 0. A t  t h i s  cond i t i on ,  t he  t ransmi t ted  wave frequency i s  

and a t  t h a t  p a r t i c u l a r  l eve  
f N  

f = 8.979 N". (1 e 12) 

equal  t o  t h e  plasma frequency, 

1 

N 

N o  wave of frequency less than f can propagate i n  a simple plasma and the  N 

wave i s  thenefore ref lected.  A t  v e r t i c a l  inc idence ,  waves below approximately" 

b e  reflected (excluding t h e  c r i t i c a l  'penetkation f r equenc i e s ) ,  

+ ,  
while  a l l  o t h e r s  w i l l  propagate through the ionosphere and escape i n t o  o u t e r  

space.  . I I ,, I , ,  I (  

each i n t e r f a c e ,  the wave w i l l  'bel ref1ecked"wheh tlf 

equal! e ing  the  ang le  o f L  incfdeaceil of the! vlra$&> 

mul t ip le  r e f l e c t i o n  o f  electromagne 

which all,forlns,.Qf~lorag-di:stance r ad io  commun aves above ' 

approximately 20 Mc/s w i l l  propagate through the ioho 

w h i l e  a l l  f requencies  below w i l l  b 
$ , I  I 

4 
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1.3 Theory of Ionospheric Absorption 

The complete magneto-ionic theory of ionospher ic  absorpt ion  i s  a s u b j e c t  of 

some complexity, and only a b r i e f  d i scuss ion  w i l l  be included here. A r a t h e r  

thorough treatment of the  theory is  given by Davies (1965), in which he cons iders  

both the  e f f e c t  of a magnetic f i e l d  and the  presence of e l e c t r o n  c o l l i s i o n s .  

I n  i ts  s imples t  sense ,  the  absorpt ion  of an e lec t romagnet ic  wave propagating 

through the  ionosphere can be considered a s  the  e x t r a c t i o n  of a por t ion  of the  

wavePs energy by e l e c t r o n  c o l l i s i o n s ,  The f i e l d  of the  wave causes the  e l e c t r o n s  

t o  o s c i l l a t e  a t  the  same frequency a s  the  f i e l d  and t o  d i s s i p a t e  energy a s  the  

v i b r a t i n g  e l e c t r o n s  60lli.de w i t h  o t h e r  p a r t i c l e s  o r  with each o t h e r .  This  energy 

i s  given o f f  i n  the  form of h e a t  and random r a d i a t i o n .  

The r a t e  of l o s s  of the  wave energy is  dependent upon the average k i n e t i c  

energy of v i b r a t i o n  of the  e l e c t r o n s  and the  number of e l e c t r o n  c o l l i s i o n s  which 

occur per  u n i t  volume i n  u n i t  t i m e .  The l a t t e r  i s  c l e a r l y  equal  t o  the  product 

of the e x i s t i n g  e l e c t r o n  d e n s i t y ,  N, and the  e l e c t r o n  c o l l i s i o n a l  frequency u. 

I t  i s  important t o  note a t  t h i s  time t h a t  absorpt ion  measurements genera l ly  can 

g ive  information only about t h i s  product M'v. I f  an e l e c t r o n  dens i ty  p r o f i l e  i s  

the  des i red  r e s u l t ,  some assumption must be made regarding the  co l l i s iona l .  f r e-  

quency V based on i t s  measurement by another  method. 

Since the  end r e s u l t  of absorpt ion  i s  the  a t t e n u a t i o n  of the propagated 

wave, i t  has become common p r a c t i c e  t o  speak of an absorpt ion  c o e f f i c i e n t  K p e r  

u n i t  th ickness  of the  absorbing medium. If an electromagnetic  wave has an ampli- 

tude I a f t e r  t r ansver s ing  a d i s t ance  s i n  the  medium, the amplitude of the  

received s i g n a l  can be given a s  

I = 1' exp (-KS) (1.13) 
0 

http://60lli.de
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where 1' is the amplitude of the  wave which would have been observed i f  the  
0 

medium d id  no t  absorb.  S ince  the  absorpt ion  c o e f f i c i e n t  K i n  the  ionosphere 

v a r i e s  along the wave-path, i t  i s  poss ib le  t o  measure the t o t a l  absorp t ion ,  

(Kds, only  between t w o  p o i n t s  i n  the  path where 

fKdS = -In (I/Iso) (1 e 14) 

The magneto-ionic theory a l s o  shows t h a t ,  provided the  d i r e c t i o n  of phase 

propagation i s  not  perpendicular  t o  the  e a r t h ' s  magnetic f i e l d ,  the  absorpt ion  

c o e f f i c i e n t  K of high frequency waves depends on the  r e f r a c t i v e  index 1-1, the  

e l e c t r o n  d e n s i t y  N ,  the  e l e c t r o n  c o l l i s i o n a l  frequency v s  the  d i e l e c t r i c  cons tant  

of free space E ~ ,  and on the  e l e c t r o n i c  charge and mass, e and m, according t o  

the  equation 

n 

(1 15) 

where c i s  the v e l o c i t y  of e lec t romagnet ic  waves i n  a vacuum ( i . e .  the  speed of 

l i g h t ) ,  w i s  the angular  frequency of the t r ansmi t t ed  wave, w is  the  angular  

gyro-frequency of the  long i tud ina l  component of the  e a r t h ' s  magnetic f i e l d ,  and 

the p o s i t i v e  and negat ive  s i g n s  r e f e r  t o  the  ordinary  and ex t rao rd ina ry  modes 

of propagation respec t ive ly .  

L 

I t  should be mentioned t h a t  a t  o r  near  a r e f l e c t i o n  p o i n t ,  the  d i r e c t i o n  

of propagation of the  ordinary  wave becomes t r ansver se  t o  the  e a r t h ' s  magnetic 

f i e l d ,  and, a t  t h i s  cond i t ion ,  equat ion  Ql.l5) is no t  s t r i c t l y  app l i cab le .  I t  

i s  a l s o  appaEent f r o m  an inspec t ion  of e q u a t i r x  (1.15) t h a t  the ext raordinary  

wave i s  more g r e a t l y  absorbed o r  a t t enua ted  than the  ordinary  wave, the degree 

of d i f f e r e k e  of a t t e n u a t i o n  i n  the  twomodes of Propagation depending on the  
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r e l a t i v e  values  of t h e  t r a n s m i t t i n g  angular  frequency w ,  and the  angular  gyro- 

frequency w L' 

1 . 4  Deviative Absorption 

A r ad io  wave propagating through the  ionosphere w i l l  experience a c o n t i n u a l l y  

decreas ing phase r e f r a c t i v e  index 1-1 with  inc reas ing  h e i g h t .  Considering the 

ionosphere a s  being divided i n t o  a number of  h o r i z o n t a l  s l a b s  of  uniform d e n s i t y ,  

S n e l l ' s  law may be app l ied  a t  each i n t e r f a c e  and can be expressed by 

s i n  i = 1-1 s i n  i s  (1.16) 

where i i s  t h e  angle  of incidence of the  propagated wave with the  ionosphere 

and i '  i s  t h e  angle of t h e  wave a t  each i n t e r f a c e .  From t h i s  express ion,  i t  is  

apparent  t h a t  a s  t h e  angle  i p  increases  with h e i g h t ,  the  phase r e f r a c t i v e  index 

1-1 w i l l  decrease .  

1-1 w i l l  be equal  t o  s i n  i and the  wave is  r e f l e c t e d  a t  t h i s  he igh t .  The absorpt ion 

which occurs i n  regions  where 1-1 i s  small  and where a d e v i a t i o n  o r  bending of the  

s i g n a l  path e x i s t s  has been termed d e v i a t i v e  absorpt ion.  

Moreover, a t  t h e  cond i t ion  i' = 90Q, t h e  phase r e f r a c t i v e  index 

I f  i t  is  assumed t h a t  the  angular  t ransmiss ion frequency w i s  l a r g e  compared 

t o  the  angular  gyro-frequency w equat ion (1.15) f o r  small  values  of 1-1 may be L'  

w r i t t e n  a s  

(1.17) 

Furthermore, the  opera t ing  frequency w is  usua l ly  much l a r g e r  than t h e  c o l l i s i o n a l  

frequency v. Hence, equat ion (1-17) may be w r i t t e n  a s  

L e . l . M v  
(1 18) 
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The phase r e f r a c t i v e  index 1.1 was given by equat ion  (1.10) 

equat ion and s u b s t i t u t i n g  2 .rrf f o r  w y i e l d s  

Combining equa t ions  (1-18) and (1.19) g ives  

Squaring t h i s  

(1 19) 

(1 20) 

I t  i s  r e a d i l y  apparent  from t h i s  express ion  t h a t  t he  absorp t ion  c o e f f i c i e n t  K 

and hence the  t o t a l  abso rp t ion ,  J K ~ S ,  w i l l  depend c r i t i c a l l y  on the  value of 

t h e  r e f r a c t i v e  index 1-1, when FC i s  smal l .  

1 . 5  Non-Deviative Absorption 

An in spec t ion  of equat ion (1.16) a l s o  r evea l s  t h a t  when the  phase r e f r ac-  

t i v e  index i s  equal  t o  u n i t y ,  t he  t ransmi t ted  wave w i l l  propagate through the  

medium a t  e s s e n t i a l l y  the  speed of l i g h t .  Hence, i n  regions where 1.1 i s  approxi- 

mately u n i t y ,  t he re  w i l l  be l i t t l e  o r  no dev ia t i on  of the t ransmi t ted  s i g n a l  from 

i t s  free- space pa th .  This  type of  absorp t ion  i s  c a l l e d  non-deviative absorp t ion  

and occurs  pr imar i ly  i n  t he  D-region of t h e  ionosphere,  whereas f o r  proper  

s e l e c t i o n  of t he  t r ansmi t t i ng  frequency, dev ia t i ve  absorp t ion  w i l l  occur  i n  the  

E-region, where a r e f l e c t i o n  of  t he  i nc iden t  wave occurs .  

Moreover, when 1.I is  approximately u n i t y ,  equa t ion  (1.15) takes  t he  form 

Mv 2 

2 5  mc 
e 

K =  - 
0 

(1 21) 

P 
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2 For cases when Y << ( w  2 w )2, the total non-deviative absorption may then be 

written as 

L 

(I. 22) 

From this expression, it is evident that the non-deviative type of absorption 

will usually occur in regions where the product Nv is large, which is the case 

in the D-region 

During the daytime, the non-deviative absorption is usually much greater 

than the deviative absorption at vertical incidence, except for frequencies 

near the critical penetration values. At night, however, the deviative ab- 

sorption is the dominant source of attenuation and prevents the nighttime 

total absorption from falling below approximately 0.3 nepers. Studies of the 

non-deviative absorption at night, therefore, are usually made using oblique 

incidence propagation. 
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2. THE PULSE REFL&KXPOM METHOD OF MEASURING IONOSPHERIC ABSOkPTHBN 

2 . 1  General Theory 

There a r e  a number of d i f f e r e n t  methods t h a t  may be employed t o  measure 

ionospheric absorpt ion .  A s  defined f o r  the  IQSY (1963), these  methods can be 

considered as f a l l i n g  i n t o  e s s e n t i a l l y  one of the  fol lowing main groups: 

( i )  Measurement of the  amplitudes of pulses  r e f l e c t e d  from the  ionosphere. 

( i i )  Measurement of the  absorpt ion  o f  e x t r a - t e r r e s t r i a l  r a d i o  noise .  

( i i i )  Measurement of the  f i e l d  s t r e n g t h  of sky wave s i g n a l s  a t  s h o r t  

d i s t ance  and obl ique  incidence on f requencies  s u i t a b l e  f o r  obta in ing 

absorpt ion  da ta  

post  i s  pr imar i ly  concerned with the  first of these  techniques ,  

the  pulse  r e f l e c t i o n  method s h a l l  be the  only me discussed here .  

I t  has become common p r a c t i c e  t o  express the  experimental measurements of 

ionospheric absorpt ion  i n  terms of the  apparent  r e f l e c t i o n  c o e f f i c i e n t  p. This 

parameter is defined a s  

p = I/HVo 

where I i s  t h e  amplitude of a wave which has been r e f l e c t e d  once from the  iono- 

sphere and p p o  i s  the  amplitude of the  wave which would have been observed i n  

the  absence of any absorp t ion ,  a s  was previous ly  d iscussed.  

The t o t a l  ionospher ic  absorpt ion  may then be conveniently w r i t t e n  a s  

I n  p r a c t i c e ,  the  absorpt ion  i s  usua l ly  measured i n  terms of a loss i n  d e c i b e l s ,  

L ,  where 

L = -20 log  p = -8.686 l n  P 
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where log r e p r e s e n t s  the  logar i thm t o  the  base 10. Thus the  measurement of 

ionospher ic  a b s o r p t i m  c o n s i s t s  e s s e n t i a l l y  i n  exper imenta l ly  determining t h e  

value  of log p .  

I f  there i s  no absorpt ion p r e s e n t ,  the  amplitude I of  a wave r e f l e c t e d  

a t  v e r t i c a l  incidence from a v i r t u a l  h e i g h t  h e  is  given by 

I h 9  = I h 
0 0  

(2.4) 

where I is t h e  amplitude which would have been received a f t e r  r e f l e c t i o n  from 

a s tandard he igh t  h assuming t h a t  h is  l a r g e  compared t o  the wavelength of 

t h e  opera t ing  frequency. Hence, when absorpt ion i s  p r e s e n t ,  the  amplitude of 

0 

0' 0 

t h e  f i r s t  r e f l e c t i o n  P may be expressed a s  1 

I h e  = pL h = pG 
1 0 0  

(2.5) 

where G may be regarded as a c a l i b r a t i o n  cons tan t  equal  t o  1 h . S i m i l a r l y ,  

t h e  second-order r e f l e c t i o n  I can be given by 

0 0  

2 

where p i s  the apparent  r e f l e c t i o n  c o e f f i c i e n t  of the  ground. Extending t h i s  

idea s t i l l  f u r t h e r ,  the  nth- order r e f l e c t i o n  may be expressed a s  

g 

n n-1 nInh' = p pg e. (2.7) 

Therefore ,  when is  known, the  value  of p can be determined from thd 

simultaneous measurement of  the v i r t u a l  h e i g h t  h '  and the  amplitude of the  

f i r s t - o r d e r  echo [equat ion (2.5)] .  I n  g e n e r a l ,  there a r e  e s s e n t i a l l y  two 

methods of determining t h e  c a l i b r a t i o n  constant  6 and,  t h e r e f o r e ,  the  apparent  
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r e f l e c t i o n  c o e f f i c i e n t p  . The one involves  the  use of mul t ip le  r e f l e c t i o n s  o r  

echoes,  whereas the o t h e r  involves  a s tudy of t h e  t ime- var ia t ion of one s i n g l e  

echo 

2 . 2  DeterminatFon of  Absorption by U s e  of Mul t ip le  Echoes 

When mul t ip le  r e f l e c t i o n s  a r e  p resen t ,  the  comparison of  the  amplitudes 

of the  va r ious  echoes observed can be used t o  

the q u o t i e n t  G/p a Thus, combining equat ions  

f o r  ppg  may be w r i t t e n  a s  

g 

determine 

(2.5) and 

the product p p  and 

(2.7) the  express ion 

g 

S i m i l a r l y ,  f o r  the  value of G / p  t h i s  equat ion may be expressed a s  
g ’  

From these  express ions ,  it i s  r e a d i l y  apparent  t h a t  G ,  p and hence L may be 

can be 
pg 

determined only  i f  t h e  value of the  ground r e f l e c t i o n  c o e f f i c i e n t  

evaluated.  

Perhaps the  s imples t  method of ob ta in ing  a reasonable value  of p i s  t o  
g 

consu l t  a t a b l e  o r  map of e l e c t r i c a l  cons tan t s  of t h e  ground f o r  a given geo- 

graph ica l  l o c a t i o n  (e .g .  Jordan,  1950). An a l t e r n a t e  method would c o n s i s t  i n  

an  experimental  approach based on the  aseumptiom t h a t  the  t o t a l  absorpt ion a t  

n i g h t ,  f o r  f requencies  much less than t h e  c r i t i c a l  frequency,  is r e l a t i v e l y  

smal l .  This would be the case  when a l a r g e  number of r e f l e c t i o n s  a r e  p r e s e n t ,  

thus  i n d i c a t i n g  a r e l a t i v e l y  small  amount of absorpt ion.  

The value of the  apparent  r e f l e c t i o n  c o e f f i c i e n t  p may then be assumed t o  

be u n i t y  and a l l  r e s i d u a l  l o s s e s  may be a t t r i b u t e d  to grouid l o s s e s ,  The 
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ground r e f l e c t i o n  c o e f f i c i e n t  p i s  then determined by u s e  of equat ion ( 2 . 8 ) .  

I t  should be mentioned t h a t  t h e  most accura te  value  of p can be obta ined by 

use of  h igher  o r d e r  r e f l e c t i o n s  ( P i g g o t t ,  e t  a l . ,  1957); the  h igher  the  o r d e r  

of r e f l e c t i o n ,  the  g r e a t e r  the  accuracy.  Moreover, the  most accura te  values  

of the  c a l i b r a t i o n  cons tan t  G a r e  usua l ly  obta ined a t  n i g h t  when the  product 

g 

g 

-- 

i s  r e l a t i v e l y  l a r g e .  

Having determined t h e  values  of G and p , t h e  amount of ionospher ic  ab- 

s o r p t i o n  L i n  d e c i b e l s  may then be evaluated by express ing equat ion (2 .5 )  i n  

the  form 

g 

L = 20 log G - 20 l o g  ( I l h ' ) .  (2 * l o )  

When mul t ip le  r e f l e c t i o n s  a r e  p r e s e n t ,  L may be found us ing 

L = 4 [20 l o g  G + 20 log p - 20 log  (212h ' ) ]  (2.11) 
g 

f o r  a second-order echo, or 

(2.12) 

f o r  an nth- order echo ( n > 2 ) .  Generally speaking,  when t h e  a b s o r p t i o n . i s  s m a l l ,  

t h e  over- a l l  accuracy of t h i s  method i s  considerably  improved by use of higher-  

o r d e r  echoes.  I n  p r a c t i c e ,  moreover, the  highest- order  r e f l e c t i o n  observable 

i s  usua l ly  s e l e c t e d  f o r  t h i s  p a r t i c u l a r  measurement. 

2 . 3  Determination of Absorption by U s e  of a S ing le  Echo 

If i t  is  poss ib le  t o  measure only  a s i n g l e  r e f l e c t i o n ,  the  determinat ion of 

ionospher ic  absorpt ion must be based on a s tudy of t h e  t ime- var ia t ion of t h i s  

echo. If t h e  amplitude I of the  echo a t  t i m e  t has an apparent  r e f l e c t i o n  1 
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c o e f f i c i e n t  p and a t  t i m e  t a r e f l e c t i o n  c o e f f i c i e n t  of P equat ion (2.5) 
1' 2 Z 9  

may be w r i t t e n  a s  

(2.13) 

i f  the  echo observed i s  the  f i r s t - o r d e r  r e f l e c t i o n .  S i m i l a r l y ,  f o r  an nth- 

o rder  echo,  equat ion (2.7') may be expressed a s  

(2 14)  

Equation (2 .13)  is  g e n e r a l l y  used i n  t h i s  method, whereas equat ion (2.14) would 

only be employed i f  t h e r e  w e r e  severe  " s p l i t t i n g"  o r  d i s t o r t i o n  of the  f i r s t -  

order  r e f l e c t i o n .  

If the  t i m e  t is  made s u f f i c i e n t l y  small t o  be considered n e g l i g i b l e ,  t h e  
2 

r a t i o  p, /p2 may then be assumed to  be P 

t i o n  of the t r ansmi t t ed  wave is  then given a s  

The l o s s  L a t  t i m e  t due t o  absorp- 
1' 1 

(2 15)  

Moreover, i f  p 2  i s  assumed t o  be approximately u n i t y  when t = t 

of I l h P  i s  then equal  t o  I h 

the  value 2 '  

o r  the  c a l i b r a t i o n  cons tan t  G. For t h i s  c a s e ,  
0 o s  

equat ion (2.13) may be conveniently expressed a s  

L = 20 l o g  G - 20 log ( P l h P ) .  (2 16)  

Therefore,  i f  i t  is  poss ib le  t o  measure G when condi t ions  a r e  such t h a t  p = 1, 

the value of ionospher ic  absorpt ion L may be found f o r  any t i m e  t .  

The only  advantages of us ing the  s i n g l e  echo method, r a t h e r  than the  

mul t ip le  r e f l e c t i o n  technique,  a r e  t h a t  i t  i s  much s impler  and does no t  
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r e q u i r e  t h e  determinat ion of t h e  apparent  ground c a l i b r a t i o n  c o e f f i c i e n t  p . 
g 

However, i n  p r a c t i c e ,  the  mul t ip le  r e f l e c t i o n  method is p r e f e r r e d ,  e s p e c i a l l y  

i n  cases  where the  absorpt ion is r e l a t i v e l y  smal l .  

2-4 P r a c t i c a l  Measurement Techniques 

In  g e n e r a l ,  the  p r a c t i c a l  techniques involved i n  measuring ionospher ic  

absorpt ion c o n s i s t  simply i n  the  a n a l y s i s  of t he  r a d i o  wave r e f l e c t i o n s  of a 

number of consecut ively  t ransmit ted  pu l ses .  The t h r e e  main methods employed 

a t  the  p resen t  t i m e  a re :  

(i) Constant-output technique.  

(11) Constant-gain technique. 

(iii ) Quasi- logari  thm-ic technique ~ 

The experimental r e s u l t s  obta ined by each of  these methods a r e  comparable i n  

accuracy,  providing,  of course ,  t h a t  adequate precaut ions  have been taken t o  

e l imina te  the  e r r o r s  inheren t  i n  each technique,  

I n  the  constant- output technique,  the  r e c e i v e r  output  i s  displayed on an , 

osc i l loscope  and the magnitude of the  desired r e f l e c t i o n  is  maintained a t  a 

cons tan t  l e v e l  by means of  t h e  c a l i b r a t e d  r e c e i v e r  g a i n  con t ro l .  The ga in  

c o n t r o l  s e t t i n g  i s  recorded a t  convenient i n t e r v a l s ;  each s e t t i n g  corresponding 

t o  a c e r t a i n  amount of a t t e n u a t i o n  i n  d e c i b e l s .  C a l i b r a t i o n  curves then permit 

t h e  t r a n s l a t i o n  of these r e l a t i v e  values i n t o  the a c t u a l  r e f l e c t e d  s i g n a l  

ampli tudes.  

In the  constant- gain technique,  the r e c e i v e r  ga in  i s  maintained a t  a 

determined f r o m  

%be ~ q y j ~ ~ ~ g e ~ ~ a m p l k t u d e  tare 

$ton :an iabsqzpbimn 



17 

of the  selected echo is  determined. I t  is important  t o  note t h a t  both the constant-  

output  and t h e  constant- gain  techniques a r e  v i s u a l  methods, and hence, g r e a t l y  

s u s c e p t i b l e  t o  human e r r o r .  

The quasi- logar i thmic  technique h a s  been developed p r imar i ly  t o  e l imina te  

these observa t iona l  e r r o r s  through the  automatic measurements of amplitude and of 

absorpt ion.  Echo- selecting g a t e s  and i n t e g r a t o r s  a r e  usua l ly  used so t h a t  f a s t  

fading is  smoothed o u t  and the s l o w  v a r i a t i o n s  of the d i f f e r e n t  echo o rders  can 

e a s i l y  be determined. The records  enable  the  median log amplitudes t o  be found, 

I t  should a l s o  be mentioned t h a t  preci 'se design and c a l i b r a t i o n  procedures a r e  

extremely important t o  the  success fu l  a p p l i c a t i o n  of t h i s  technique,  s i n c e  any 

v a r i a t i o n  i n  the  system parameters w i l l  subsequently r e s u l t  i n  a v a r i a t i o n  of the  

recorded values .  

2 .5  Inf luence of Non-Dissipative Phenomena 

I t  is  ev iden t  from the  preceding d i scuss ion  t h a t  the measurement of iono- 

s p h e r i c  absorpt ion i s  dependent p r imar i ly  upon t h e  measurement of  the v a r i a t i o n s  

i n  the amplitude of r a d i o  waves. The problem, however, is  somewhat more compli- 

ca ted ,  s i n c e  absorpt ion i s  no t  t h e  only f a c t o r  a f f e c t i n g  the amplitudes of r ad io  

waves i n  the  ionosphere. Other f a c t o r s  due t o  non- diss ipat ive  processes a l s o  

have an e f f e c t  and,  hence,  may in t roduce e r r o r  i n t o  the measurement. 

I t  i s  necessary ,  t h e r e f o r e ,  t o  i n v e s t i g a t e  the  in f luence  of  non- diss ipat ive  

phenomena on the  amplitude of r a d i o  waves and t o  examine poss ib le  methods of 

minimizing t h e i r  e f f e c t .  

1957) a f f e c t i n g  r a d i o  wave propagation a r e :  

The main non- diss ipat ive  phenomena ( P i g g o t t ,  -- e t  a l .  

(i) P o l a r i z a t i o n .  

(ii) Dispers ion.  

1 
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( i i i )  S p a t i a l  a t t e n u a t i o n .  

( i v )  S c a t t e r i n g  and p a r t i a l  r e f l ec t i c , n .  

(v) Fading. 

From magneto-ionic theory ,  i t  can be shown t h a t  an electromagnet ic  wave 

of a r b i t r a r y  p o l a r i z a t i o n  w i l l  e x c i t e  two c h a r a c t e r i s t i c  components, t h e  ord inary  

wave and the ex t raord inary  wave, upon incidence with the  ionosphere.  The ampli- 

tudes ,  p o l a r i z a t i o n s ,  and propagat ion paths  of these  two exc i ted  waves, moreover, 

w i l l  be independent of  each o t h e r ,  except  i n  a f e w  s p e c i a l  c a se s ,  The ionospheric  

c h a r a c t e r i s t i e  p o l a r i z a t i o n s ,  however, seldom change s i g n i f i c a n t l y  w i t h  t i m e .  

Therefore ,  f o r  absorp t ion  s t u d i e s ,  i t  is  s u f f i c i e n t  t o  use antenna s y s t e m s  o f  

cons tan t  ga in  and p o l a r i z a t i o n .  En p r a c t i c e ,  balanced plane-polarized antennas 

a r e  gene ra l ly  used t o  e l imjna t e  t h e  e f f e c t  of p o l a r i z a t i o n  on the measurement of 

absorp t ion .  

I t  can a l s o  be shown t h a t  when a pulse  ofe lec t romagnet ie  energy is  t r ans-  . 

mit ted  through the  ionosphere,  t he  v a r i a t i o n  of t he  phase path with frequency 

w i l l  a l t e r  the  r e l a t i v e  phases of t h e  side-band f requenc ies .  Thus the  shape of 

the  s i g n a l  is changed. This phenomenon, known a s  ionospheric  d i spe r s ion ,  i s  

dependent on the  to tad  amount of phase s h i f t  due to  the  t r a n s m i t t e r ,  t h e  iono- 

sphere ,  and the  r ece ive r .  The e f f e c t  of d i spe r s ion  can be minimized q u i t e  

simply by increas ing  t he  t ransmi t ted  pulse-width u n t i l  the amplitude of the 

highest- order  r e f l e c t i o n  i s  independent of any a d d i t i o n a l  i nc rease  i n  t he  width 

of t he  pu l se ,  A t  t h i s  cond i t i on ,  t h e  e f f e c t  of ionospheric  d i spe r s ion  is 

n e g l i g i b l e .  

Electromagnetic wave theory a l s o  p r e d i c t s  t h a t  the amplitude of a wave 

r ad i a t ed  from a po in t  source i n  free space w i l l  vary i nve r se ly  w i t h  the distance.. 

from the source.  A s i m i l a r  law app l i e s  t o  t he  s p a t i a l  a t t enua t ion  of r a d i o  
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waves r e f l e c t e d  from the  ionosphere a t  v e r t i c a l  incidence,  The amplitude of the  

wave w i l l  vary inve r se ly  w i t h  t he  path l e n g t h ,  which i s  equal  t o  twice the v i r t u a l  

he ight  of r e f l e c t i o n  a t  v e r t i c a l  inc idence .  While t h i s  r e s u l t  i s  s t r i c t l y  t r u e  

only i f  the  e f f e c t  of the  e a r t h ' s  magnetic f i e l d  is  neglec ted ,  the  e r r o r s  i n t r o-  

duced i n t o  the  measurement of absorpticm by s p a t i a l  a t t enua t ion  a r e ,  i n  p r a c t i c e ,  

q u i t e  smal l .  

S c a t t e r e d  r e f l e c t i o n s  from l a r g e ,  abnormally dense i o n i z a t i o n  clouds a r e  

another  source of r ad io  wave a t t e n u a t i o n  i n _  t he  ionosphere, A t  v e r t i c a l  i n c i -  

dence, the normally r e f l e c t e d  wave may be s e r i o u s l y  a t t enua ted  by the  presence 

of these  i r r e g u l a r i t i e s ,  thus  in t roducing s e r i o u s  e r r o r  i n t o  absorpt ion  measure- 

ments. P a r t i a l - r e f l e c t i o n  phenomena from the  E - layer  o f t e n  QCCUIF on f requencies  

which a r e  s l i g h t l y  above the  c r i t i c a l  frequency of the  E- layer and, hence, the  

s 

amplitude of the  F-echo is cons iderably  decreased 'as  a r e s u l t  of these  l o s s e s .  

I t  should be mentioned t h a t  the re  is no method of e l imina t ing  the  e f f e c t  of 

these p a r t i a l  r e f l e c t i o n s ,  u n l e s s ,  of course ,  the  t o t a l  loss due t o  t h i s  s c a t t e r i n g  

can be evaluated .  I n  genera l ,  it can be s a i d  t h a t  use fu l  absorpt ion  da ta  cannot 

be obtained when severe  s c a t t e r i n g  e x i s t s .  S ince  p a r t i a l  r e f l e c t i o n s  a r e  s i g n i-  

f i c a n t l y  p resen t  i n  high l a t i t u d e s ,  t h i s  s e r i o u s l y  restricts the determination 

of absorpt ion  i n  th i s  region.  

The f i n a l  and, perhaps,  most important non- diss ipa t ive  phenomenon i s  fading.  

Fading may be defined a s  the v a r i a t i o n  i n  the  pulse  amplitude of a s i g n a l  due 

t o  random i r r e g u l a r i t i e s  i n  the  i o n i z a t i o n  dens i ty .  The s a t e  of fadfng,  moreover, 

depends upon the  r e l a t i v e  change i n  the  phase paths  of t w o  superimposed waves and 

the depth of fading depends upon the  d i f f e r e n c e  i n  the  amplitudes of the modes. 

In  g e n e r a l ,  t he re  a r e  two t y p e s  of fading:  f a s t  f ad ing ,  where the  average fading 

a 
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period i s  between one second and one minute; and slow fad ing ,  where t he  average 

period may l i e  between 5 and 50 minutes.  

The fading o f  mul t ip ly- ref lec ted  s i g n a l s ,  moreover, i s  usua l ly  f a s t e r  and 

deeper than t h a t  of the  f i r s t - o r d e r  r e f l e c t i o n .  Slow fad ing  is almost always 

p re sen t ,  but is  more severe  a t  n igh t .  I n  p r a c t i c e ,  i t  i s  d e s i r a b l e  t o  select 

a sampling per iod t h a t  w i l l  inc lude  a s  many fad ing  per iods  a s  p o s s i b l e ,  the  

maximum i n t e r v a l  being l imi t ed  by t he  d i u r n a l  v a r i a t i o n  i n  the  r a t e  of ion iza-  

t i o n  dens i t y .  A sampling per iod of between 10 and 20 minutes i s  gene ra l ly  used. 

The theory of fad ing ,  however, is  somewhat more complex than the  t reatment  given 

h e r e ,  and much work has been done i n  t he  p robab i l i t y  and s t a t i s t i c s  of t h i s  

phenomena. A comprehensive s tudy has been made by P i g g o t t ,  e t  a l .  (1957'). -- 
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3. THE ABSORPTION ~E~~~~~~ TECHNIQUE USED AT THE UNIVEXSITY OF ILLINOIS 

3 .1  General Descr ip t ion  

The Aeronomy Laboratory of t he  Univers i ty  of I l l i n o i s  has  undertaken a 

program of i n v e s t i g a t i o n  of t he  lower reg ions  of t he  ionosphere by use of rocke ts  

and ground-based sounding techniques,  The experiments a r e  performed a t  the  NASA 

launch s i te  a t  Wallops I s l a n d ,  V i rg in i a ,  and the combination of the  rocke t  da t a  

and t h a t  obtained by convent ional  sounding methods a r e  g iv ing  a new i n s i g h t  i n t o  

t h e  behavior of the  ionosphere.  

The purpose of t h i s  chapter  i s  t o  descr ibe  t he  sounding system p re sen t ly  

being used a t  Wallops I s l and  to  ob ta in  absorp t ion  da t a .  The system,shown i n  

Figure 3 .1 ,  ope ra t e s  on frequency of 3 .030 Mc/s with an e f f e c t i v e  r ad i a t ed  

power of approximately 50,000 wa t t s .  

I n  a d d i t i o n  t o  t he  measurement of ionospheric  absorp t ion ,  the  equipmen 

was a l s o  designed t o  be capable of  ob ta in ing  p a r t i a l  r e f l e c t i o n  d a t a .  

s i nce  t h e  presen t  work is  n o t  concerned with t h i s  p a r t i c u l a r  type of measure- 

ment, only the  opera t ion  of t h e  system pe r t a in ing  t o  t he  determinat ion of 

absorp t ion  w i l l  be d i scussed  i n  t he  fol lowing s e c t i o n s .  

However, 

3.2 Transmikting Equipment 
~I 

The t r a n s m i t t e r  used i n  t h i s  experiment is e s s e n t i a l l y  a conventional 

pulsed t r a n s m i t t e r  with a c a r r i e r  frequency of 3,03d Mc/s. Only a genera l  

de sc r ip t i on  w i l l  be given h e r e ,  s i nce  t h e  d e t a i l s  of t h i s  equipment w i l l  soon 

be a v a i l a b l e  i n  a published r e p o r t  by Herrrry (1905)- The t r a n s m i t t e r  block 

diagram i s  shown i n  Figure 3 - 2 .  
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Figure 3.1 The 50 kw ionospheric sounding system used 
for absorpt ion  measurements . 
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The pulse  gene ra to r ,  which i s  synchronized t o  t he  l i n e  

genera tes  p o s i t i v e  pu lses  a t  a f i xed  r e p e t i t i o n  r a t e ,  which 

e i t h e r  0.5,  1 .0 ,  2 . 0 ,  o r  5 .0  pulses/sec.  The width of t h i s  

be var ied  from 30 to  100 microseconds by use of an ad jus t ab  

frequency of 60 c / s ,  

may be s e l e c t e d  a s  

pu l se ,  moreover, may 

e de lay  mu l t i v ib ra to r .  

For normal ope ra t i on ,  a pu lse  width of approximately 50 microseconds i s  gene ra l ly  

selected. This  pu l se ,  i n  t u r n ,  is  used t o  g a t e  a c rys t a l- con t ro l l ed  o s c i l l a t o r  

opera t ing  a t  3.030 Mc/s, thus  producing a 50 microsecond b u r s t  of the  c a r r i e r  

frequency 

The output  of t he  pulsed o s c i l l a t o r  is then appl ied  t o  the  e x c i t e r ,  which 

c o n s i s t s  of two s t a g e s  of ampl i f i ca t i on ;  t he  f i r s t  s t a g e  employing a type 12AU7 

tube and t h e  second s t age  a type 6AG7. The d r i v e r  i s  e s s e n t i a l l y  a tuned power 

ampl i f i e r  c o n s i s t i n g  of two type 7094A tubes  opera t ing  i n  t he  conventional push- 

, _ I  

p u l l  conf igura t ion .  The p l a t e  vo l tage  of t h i s  s t a g e ,  moreover, i s  suppl ied by 

the 2kv power supply. The output  tubes of t h e  f i n a l  ampl i f i e r  a r e  two RCA type 
+ &  

7214, once aga in  opera t ing  i n  the  push-pull mode. The p l a t e  vol tage is  sup- 

p l i e d  by the  5kv power supply and the  tubes a r e  a i r- cooled t o  prevent  over-  

hea t ing .  

A s  a r e l a t i v e  i nd i ca t ion  of the power c a p a b i l i t i e s  of t h i s  s y s t e m ,  t he  

peak output  power of each u n i t  can be g iven  a s  fol lows:  

(i) Pulsed o s c i l l a t o r  : 2 wat t s  

(ii) E x c i t e r  : 20 wa t t s  

(iii) Driver  : 3 . 5  k w  

( i v )  F ina l  ampl i f i e r  ; 50 kw 

A peak output  power of 50 k w  i s  more than s u f f i c i e n t  f o r  absorp t ion  measure- 

ments; depending on e x i s t i n g  noise  cond i t i ons ,  an e f f e c t i v e  output  power of 1 

t o  10 kw w i l l  u sua l ly  s u f f i c e  f o r  t h i s  type of experiment. The s e l e c t i o n  of 

,. “9‘ 
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a 50 kw s y s t e m  was d i c t a t e d  pr imar i ly  by i t s  n e c e s s i t y  i n  t h e  study of p a r t i a l  

r e f l e c t i o n s ;  however, the  h igher  power has f a c i l i t a t e d  c a l i b r a t i o n  of the  system 

using mul t ip le  r e f l e c t i o n s  under a wider range of ionospheric condi t ions  than 

would otherwise have proved poss ib le .  

3 a 3 Receiving Equipment 

A genera l  d e s c r i p t i o n  of the  rece iv ing equipment w i l l  be given h e r e ,  s ince  

the  d e t a i l s  a r e  once again discussed i n  the  r e p o r t  by Henry (1965). The rece ive r  

block diagram is  shown in Figure 3 . 3 ,  and c o n s i s t s  e s s e n t i a l l y  of an R F  ampl i-  

f i c a t i o n  s t a g e ,  8 l o c a l  o s c i l l a t o r ,  a mixer, an IF ampl i f i ca t ion  s t a g e ,  and a 

d e t e c t o r ,  all of which have been s u i t a b l y  designed f o r  pulse  recept ion ,  

The r e c e i v e r  has an ' input  impedance of 50 ohms and a f i r s t  s t a g e  noise  

f i g u r e  of approximately 2.5 db a t  3,030 Mc/s. The BF s e c t i o n ,  moreover, has a 

manual ga in  con t ro l  w i t h  a maximum e f f e c t i v e  range 0f 30 db, The l o c a l  o s c i l l a -  

t o r  frequency has been s e l e c t e d  a s  8.030 McJs and i s  c rys ta l- con t ro l l ed .  The 

, output  of the  mixer, t h e r e f o r e ,  is  the  in termedia te  frequency of 5.000 Ic /s ,  

the  d i f f e r e n c e  between the  l o c a l  o s c i l l a t o r  and c a r r i e r  f requencies ,  The IF 

s e c t i o n  of the  r ece ive r  a l s o  bas a manual ga in  c o n t r o l  and c o n s i s i s  of four  

s t a g e s  of ampl i f i ca t ion  w i t h  a maximum ga in  of 25 db/stage 

The r e c e i v e r ,  t h e r e f o r e ,  has a maximum gain  of 160 db,  w i t h  a gain  con t ro l  

dynamic range of approximately 80 db.. The o v e r a l l  bandwidth of the r e c e i v e r ,  

measured between the  3 db p o i n t s ,  is  approximately 35 k / s ,  T h i s  bandwidth i s  

necessary t o  e l imina te  any d i s t o r t i o n  sf the pulse shape by the tuned c i r c u i t s .  

A s tandard o s c i l l o s c o p e ,  synchronized w i t h  the output  of the  pulse  genera to r ,  

is  employed t o  d i sp lay  the  r e t u r n  s i g n a l .  
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U s e  of the  automatic recording s y s t e m  described i n  Chapter 4 n e c e s s i t a t e d  

a modificat ion of the  r e c e i v e r ;  the  manual IF ga in  c o n t r o l  was replaced w i t h  

an e x t e r n a l  ACE c i r c u i t .  The AGC c h a r a c t e r i s t i c  of the  r e c e i v e r ,  moreover, had 

t o  be approximately loga r i thmic ,  s i n c e  t h i s  proper ty  is e s s e n t i a l  f o r  the  oper-  

a t i o n  o f  the  automatic recording system,  The %P ampl i f i e r  s t a g e  with the  AGC 

c i r c u i t  is  shown i n  Figure 3 . 4  and the  corresponding Am c h a r a c t e r i s t i c  curve 

is shown i n  Figure 3,5. With the  a p p l i c a t i o n  of an e x t e r n a l  ACE vol tage  of 5 

t o  11 v o l t s ,  the  IF  r e c e i v e r  ga in  may be var ied  over a 40 db range. 

3 . 4  Antenna System 

The t r ansmi t t ing  and rece iv ing antennas a t  Wallops I s l and  a r e  i d e n t i c a l  

four  d ipo le  box aa rays ,  The t r ansmi t t ing  antenna i s  a conventional a r ray  

cons i s t ing  of two p a r a l l e l  sets o f  delta-matched h a l f  wave d ipo les  spaced a 

h a l f  wavelength a p a r t  and is designed t o  t ransmit  c i r c u l a r l y  polar ized  waves 

a t  a frequency o f  3.030 Mc/s. The rece iv ing antenna is a conventional folded 

d ipo le  a r r a y ,  once again c o n s i s t i n g  of t w o  p a r a l l e l  s e t s  of h a l f  wave d i p o l e s  

spaced a h a l f  wavelength a p a r t ,  The geometry of the  antenna system is  shown 

i n  Figure 3 .6 .  

The t r ansmi t t ing  antenna i s  a 470 ohm. open wire a r r a y ,  whereas 300 ohm , 

m i n - k a d  is  used for the rece iv ing  antenna.  The antennas a r e  e l eva te4  a t  a 

he ight  of approximately a q u a r t e r  wavelength above the  ground, The a r r a y s  

may be used t o  t ransmit  and rece ive  either the  ordinary  o r  ext raordinary  rad io  

wave modes. 

3 ~ 5 Determination of Absorption 

The absorpt ion  measurement technique p resen t ly  beirag used by the  Aeronomy 

Laboratory is  e s s e n t i a l l y  the  constant- gain technique described i n  Ch?pterF2.  
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The r ece ive r  g a i n  i s  ad jus ted  t o  a s u i t a b l e  value t o  d i sp l ay  t h e  des i r ed  echo 

on t he  o sc i l l o scope  screen. The r e t u r n  s i g n a l s  a r e  then photographed by use 

of a Beattie-Coleman 35 mm o s c i l l o t r o n  camera system which is synehronized with 

the output  of t he  pulse  genera tor ,  Af t e r  processing,  t he  f i l m  is  displayed on 

a Recordak f i l m  reader  and t h e  p e r t i n e n t  information is  measured d i r e c t l y  o f f  

t he  t r a c e  

The following procedure has  been adopted f o r  t he  measurement of absorpt ion:  

(i 1 

( i i )  

( i i i )  

A r ece ive r  c a l i b r a t i o n  curve is  obtained by applying a known s i g n a l  

t o  the  r ece ive r  i npu t  and measuring t he  output  vol tage f o r  var ious  

ga in  con t ro l  s e t t i n g s .  The vol tage g a i n  i s  then converted t o  dec i-  

be l  ga in  and a curve of receiver a t t e n u a t i o n  versus g a i n  con t ro l  

s e t t i n g  is  p l o t t e d .  

The t r a n s m i t t e r  i s  tuned f o r  maximum power output  and the  r ece ive r  

g a i n  i s  ad jus ted  t o  d i sp l ay  the  des i r ed  echo on t h e  osc i l loscope .  

The BF and I F  g a i n  c o n t r o l  s e t t i n g s  a r e  recorded, a s  w e l l  a s  t h e  

f i l m  frame number. The camera s y s t e m  has  an i n t e r n a l  c lock and,  

t h e r e f o r e ,  t h e  t i m e  of day is  recorded d i r e e t l y  on the  f i lm .  

The pulse  r e p e t i t i o n  r a t e  of t he  t r a n s m i t t e r  i s  seleeted a t  0,s 

pulses / sec ,  thus g iv ing  an average of 30 recordings/minvte. A 

10 minute i n t e r v a l  c o n s t i t u t e s  one sampling per iod.  
.F 

In  a d d i t i o n  t o  the  above procedure,  the  c a l i b r a t i o n  cons tan ts  6 and p 
g 

a r e  evaluated a t  n igh t  using the  mul t ip le  r e f l e e t i o n s  technique descr ibed i n  

Chapter 2 .  The amplitudes of t he  f i r s t -  and seeond-order echoes a r e  measured 

and the c a l i b r a t i o n  cons t an t s  a r e  determined by use of equat ions (2 .8)  and 

( 2 . 9 ) .  These values  may then be used to  c a l c u l a t e  the  daytime absorp t ion  l e v e l .  

The fol lowing procedure is  p re sen t ly  being used t o  c a l c u l a t e  the  absorpt ion 
r 

value L: 

(i) The recorded ga in  con t ro l  s e t t i n g s  a r e  converted i n t o  the  eorre- 

sponding a t t enua t ion  values  i n  dec ibe l s  ~ 

1 \ 
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(ii) The relative amplitudes of the echo under study are measured directly 

from the film reader trace, as well as the virtual height, h', at 

which the echo occurs. 

(iii) The relative echo amplitudes are converted into the corresponding 

attenuation values by use of the rece'iver calibration curve. 

(iv) The average values of the amplitude of the echo and the virtual 

height are calculated f o r  the 10 minute sample. 

(v) The average values of amplitude and virtual height obtained in (iv) 

and the value of the calibration constant G obtained at night are 

substituted into equation (2.10) to give the absorption value L f o r  

the 10 minute interval. 

This procedure is in accord wi$h the recommendations f o r  absorption measurements 

proposed for  the IQSY (1963). 

J 
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4. TIHE AUTOMATIC RECORDING SYSTEM 

4.1 Purpose of  t he  System 

The manual method descr ibed  i n  Chapter 3 t o  analyze absorp t ion  da t a  involves  

a g r e a t  amount of ted ious  and r e p e t i t i o u s  work. S p e c i f i c a l l y ,  t he  method pre-  

s e n t l y  being used by the  Aeronomy Laboratory has  the  following disadvantages: 

( i )  The system requ i r e s  cont inua l  monitoring by an ope ra to r ,  who must 

f r equen t ly  a d j u s t  t he  r ece ive r  g a i n  c o n t r o l s  and record t h e  var ious  

s e t t i ngs  

( i i )  The manual method of measuring t he  amplitudes of t he  r e f l e c t i o n s  from 

the  f i l m  reader  i s  a ted ious  process and s u b j e c t  t o  observa t iona l  

e r r o r s  

( i i i )  The mathematieal c a l c u l a t i o n s  involved i n  determining the  absorp t ion  

value L a r e  r a t h e r  time-.consuming and, t he re fo re ,  expensive. 

Since t h e  s tudy  of t he  behavior of t h e  ionosphere by the  absorp t ion  measure- 

ment technique depends p r imar i ly  on t h e  d a i l y  v a r i a t i o n  of  the  absorpt ion l e v e l ,  

i t  is ev ident  t h a t  the  presen t  system would not  be f e a s i b l e  f o r  a long-term study.  

The purpose of t he  proposed system, t h e r e f o r e ,  is  t o  au tomat ica l ly  measure t h e  

amount of  ionospheric  absorp t ion  and provide a permanent record f o r  f u r t h e r  

ana lys i s .  C l e a r l y ,  a system of  t h i s  type should incorpora te  t h e  fal lowing 

f ea tu re s :  

( i )  An automatic averaging device which t r a n s l a t e s  a series of consecu- 

t i v e  readings of t he  r e f l e c t i o n  amplitude i n t o  some median value.  

A system capable of  au tomat ica l ly  measuring t he  v i r t u a l  he ight  of 

r e f l e c t i o n  of the  echo, thus  g iv ing  a r e l a t i v e  i nd i ca t ion  of  how 

the  r e f l e e t i o n  l a y e r  is  varying. 

( i i )  

( i i i )  A recording device which g ives  an immediate i nd i ca t ion  of t h e  average 

absorp t ion  l e v e l .  

( i v )  A recording device capable of s t o r i n g  t he  absorp t ion  and v i r t u a l  he ight  

da t a  i n  a form s u i t a b l e  f o r  f u r t h e r  a n a l y s i s  on a computer. 
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Moreover, t h e  system should be designed so as to  e l imina te  t he  neces s i t y  

of cont inua l  monitoring by an ope ra to r .  With these  c r i t e r i a  i n  mind, it  i s  now 

poss ib l e  t o  d i scus s  the  proposed automatic recording s y s t e m  and t o  see how i t  

s a t i s f i e s  each of t h e  above-mentioned requirements.  

4 .2  General Descr ipt ion 

The proposed automatic recording system f o r  t h e  de t e r a ina t ion  of ionospheric  

absorpt ion i s  based on t he  quasi- logari thmic technique b r i e f l y  discussed i n  

Chapter 2. The s y s t e m  measures t he  mean amplitudes of the  des i r ed  r e f l e c t i o n s  

and employs a feedback s y s t e m ,  where the  s i g n a l  appl ied  t o  t he  r ece ive r  A X  

l i n e  is  l i n e a r l y  propor t iona l  t o  the  d i f f e r ence  between the  mean echo amplitude 

and a f i xed  re fe rence  vo l tage ,  Since t h e  r ece ive r  A X  c h a r a c t e r i s t i c s  a r e  

approximately logar i thmic  (Chapter 3 ) ,  the  AW voltage is the re fo re  propor t iona l  

t o  the  absorpt ion l e v e l  e 

.Only  a block diagram desc r ip t i on  of t h e  automatic recording system w i l l  be 

given he re ,  s i nce  t he  d e t a i l s  a r e  t r e a t e d  i n  the  fol lowing chap te r s ,  The block 

diagram of t he  proposed s y s t e m  is  shown i n  Figure 4 . 1  and the  experimental 

equipment is shown i n  Figure 4 .2 .  

The s i g n a l  from the  pulse  genera tor  is appl ied simultaneously t o  t he  t r ans-  

m i t t e r  and t h e  ga t e  genera tor .  The l a t t e r  c i r c u i t  provides  a g a t i n g  pulse  a t  a 

t i m e  determined by the p a r t i c u l a r  echo t o  be measured. This pu lse  is then gated 

with the  r e t u r n  s i g n a l  from t h e  r ece ive r  and the  r e s u l t a n t  ou tput  of t h e  echo 

s e l e c t o r  is the  des i r ed  r e f l e c t i o n  where a l l  o t h e r  echoes have been suppressed. 

This s i g n a l  is  then appl ied  t o  an  i n t e g r a t o r  c i r c u i t  with a t i m e  cons tan t  

of approximately 50 seconds. The r e s u l t a n t  ou tput ,  t he re fo re ,  is  a slowly 

varying de l e v e l ,  which i s  propor t iona l  t o  t he  mean echo amplitude. A de  
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Figure 4 . 2  The automatic recording system. 
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ampl i f i e r  i s  used t o  provide the  necessary ACE vol tage  f o r  t he  r e c e i v e r ,  thus  

completing t he  closed- loop system. 

The output  o f  the  ampl i f i e r  is  appl ied  t o  a comparator c i r c u i t  and the 

d i f f e r ence  between t h i s  vo l tage  and a c a l i b r a t e d  re fe rence  vol tage i s  recorded 

on pen r eco rde r ,  thus  g iv ing  a n  immediate i nd i ca t ion  of t h e  absorp t ion  l e v e l .  

Since the  v a r i a t i o n  :n ionospheric  absorp t ion  i s  use fu l  i n  ob ta in ing  e l e c t r o n  

dens i ty  p r o f i l e s  of the ionosphere (see Chapter 81, an  a l t e r n a t e  method of 

recording the  absorp t ion  l e v e l  w i l l  be employed. The output  of the  de  ampl i f i e r  

w i l l  be measured on a d i g i t a l  vol tmeter  and permanently recorded on punched- 

tape  by a Ta l ly  reeorder .  This  da t a  w i l l  then be fed  i n t o  a computer, which 

has  been s u i t a b l y  programmed, and an e l e c t r o n  dens i ty  p r o f i l e  of t he  ionosphere 

may be au tomat ica l ly  c a l c u l a t e d .  

In  a d d i t i o n  t o  t4e s i g n a l  a n a l y s i s  p a r t  of the  system (see Chapter 6), t he  

v i r t u a l  he igh t  a t  which the  s e l e c t e d  echo occurs  is a l s o  au tomat ica l ly  deter- 

mined. The output  of t he  pu lse  genera tor  is  used t o  se t  a b i s t a b l e  mul t iv i -  

b r a t o r ,  which remains a t  a f ixed ou tpu t  vo l tage  u n t i l  i t  is  reset by the output  

of the echo s e l e c t o r .  The output  of the mu l t i v ib ra to r  i s  then used t o  ga t e  a 

c rys t a l- eon t ro l l ed  square wave genera tor  opera t ing  a t  a frequency of 149.900 kc/s.  

This  p a r t i c u l a r  opera t ing  frequency was selected i n  o r d e r  t h a t  one cyc le  of 

t h i s  frequency was equiva len t  t o  1 km of he ight  (see Chapter 7 ) .  The number of  

cycles recorded on a counter  i s  then a direct i n d i c a t i o n  of t h e  v i r t u a l  he igh t  

o f  r e f l e c t i o n  i n  k i lometers  II 

For l abo ra to ry  test  purposes,  i t  was a l so  necessary t o  s imulate  the a n t i -  

cipated’ absorp t ion  s i g n a l ,  Thus, an  absorp t ion  s i g n a l  s imula tor  was designed 

t o  rep lace  t h e  t r a n s m i t t e r  and r ece ive r  a s  shown i n  Figure 4,l. This u n i t  

a 
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simply provides a number of s imulated r e f l e c t i o n s  from t h e  ionosphere a t  t he  

expected i n t e r v a l s  and w i l l  be descr ibed i n  d e t a i l  i n  Chapter 5. 

4.3 P r a c t i c a l  Design Considerat ions 

I t  is  w e l l  known t h a t  r ad io  wave r e f l e c t i o n s  from the ionosphere e x h i b i t  

a wide range of  c h a r a c t e r i s t i c s  depending on such f a c t o r s  a s  geographical 

l o c a t i o n ,  t i m e  of day,  t i m e  of yea r ,  and s o l a r  a c t i v i t y .  Hence, there a r e  a 

number of p r a c t i c a l  cons idera t ions  t h a t  must be taken i n t o  account i n  t he  

design of a s y s t e m  capable of measuring these r e f l e c t i o n s .  E s s e n t i a l l y ,  the 

s y s t e m  must be c a r e f u l l y  designed t o  e l imina t e  apparent  amplitude v a r i a t i o n s  

due t o  component v a r i a t i o n s  i n  the  system i t s e l f .  Moreover, the system must 

conta in  a s u f f i c i e n t  number of c o n t r o l s  t o  ob t a in  u se fu l  absorp t ion  da t a  

under any given circumstance. 

En the  des ign  of the ga t e  gene ra to r ,  it is  necessary to  provide c o n t r o l s  

t h a t  can vary both the p o s i t i o n  and w i d t h  o f  the g a t e  pu l se ,  i n  order  t h a t  

a l l  echoes,  except  t he  des i r ed  r e f l e c t i o n ,  a r e  suppressed. For example, i t  

is a f a i r l y  common occurrence f o r  the  F-echo t o  occur  a t  approximately t he  

same apparent he igh t  of r e f l e c t i o n  a s  the 2E-echo ( i .e .  an echo t h a t  has  been 

reflected t w i c e  from the  E- layer of the ionosphere) .  Therefore ,  i t  i s  neces- 

s a r y  t o  a d j u s t  the  p o s i t i o n  and width of  the ga t e  pu lse  u n t i l  t he  echo under 

s tudy  i s  included i n  the  ga t ing  per iod ,  while the o t h e r  echo is suppressed. 

Moreover, i t  i s  a l s o  necessary t h a t  the  g a t i n g  per iod be made long enough, i n  

o rde r  t h a t  a height-varying echo does no t  f a l l  ou t s ide  of the ga t ing  per iod 

a t  any t i m e  during t h e  sampling i n t e r v a l .  

I 

, ' V  

Prec i se  design of t h e  i n t e g r a t o r  c i r c u i t  i s  a l s o  important f o r  t h e  

success fu l  ope ra t ion  of t h e  automatic recording s y s t e m ,  I t  is  necessary t h a t  

J 
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a l i n e a r  r e l a t i o n s h i p  e x i s t  between the  i n t e g r a t o r  output  and the  product  of  

the pulse  width and the  pulse  amplitude of the  inpu t  s i g n a l .  S ince  i n  absorp- 

t i o n  measurements the  pulse  width remains e s s e n t i a l l y  c o n s t a n t ,  the  output  of 

the  i n t e g r a t o r  w i l l  t h e r e f o r e  bear  a l i n e a r  r e l a t i o n s h i p  t o  the  mean pulse  

amplitude a s  requ i red ,  

Moveover, i n  o r d e r  t h a t  the  i n t e g r a t i n g  c a p a c i t o r  may be a b l e  t o  r e t a i n  

i t s  charge a c c u r a t e l y  f o r  a long period of t i m e ,  t he  c a p a c i t o r  must have low 

leakage and,  hence, must be c a r e f u l l y  selected. However, a s  the charge on the  

c a p a c i t o r  b u i l d s  up,  even low leakage becomes impostaQt,  so t h a t  long period 

i n t e g r a t i o n  and accura te  i n t e g r a t i o n  become incompatible.  In g e n e r a l ,  the 

maximum f e a s i b l e  i n t e g r a t i o n  per iod f o r  accura te  measurements is  approximately 

one minute (Jenkins and R a t c l i f f ,  1953) .  Z t  i s  a l s o  necessary t h a t  the  output  

%. 

. 

of the  i n t e g r a t o r  be connected t o  a coupling s t a g e  w i t h  a very high inpu t  

impedance, i n  o rder  t o  e l imina te  any change i n  t h e  t i m e  constant  of the  i n t e-  

g r a t o r  by shunt ing the  c a p a c i t o r  w i t h  an e x t e r n a l  l o a d ,  

Since d r i f t  is q u i t e  common i n  de a m p l i f i e r s ,  it. is a l s o  important  t h a t  

the  ampl i f i e r  be c a r e f u l l y  designed t o  e l imina te  t h i s  e f f e c t  a s  much a s  poss ib le .  

Moreover, the  a m p l i f i e r  must have a s u f f i c i e n t l y  l i n e a r  ga in  c o n t r o l  t o  pravide 

the  required r e c e i v e r  ACE vol tage  over  a wide range of amplitude l e v e l s ,  For 

example, the amplitude of  the lE-echo is usua l ly  much g r e a t e r  than t h a t  of the  

2E-echo. Hence, i n  o r d e r  t o  provide the aeeessary  ACE vo l t age ,  the ga in  of the 

a m p l i f i e r  f o r  the  2E-echo measurement must  be much g r e a t e r  than t h a t  f o r  the  

1E-echo measurement 

I t  should be mentioned t h a t  the  g a t e  genera to r ,  i n t e g r a t o r ,  and de  ampli- 

f i e r  c i r c u i t s  a r e  the c r i t i c a l  des ign problems i n  the  automatic recording 

s y s t e m ,  and hence have been t r e a t e d  i n  g r e a t  d e t a i l ,  O t h e r  des ign problems 

e x i s t ,  however, and w i l l  be t r e a t e d  i n  the  following chap te r s .  

x 
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5. THE ABSORPTION SIGNAL SIMULATOR 

5.1 Purpose of the  Signal  S imula tor  - 
A s  mentioned i n  Chapter 4 ,  it was necessary to  des ign  and cons t ruc t  a 

u n i t  to s imula te  the  c h a r a c t e r i s t i c s  of the  t r a n s m i t t e r  and r e c e i v e r ,  i n  

o rde r  t o  tes t  the automatic recording sys tem i n  the labora tory .  The purpose 

of the  absorpt ion  s i g n a l  s imula to r ,  t h e r e f o r e ,  is  to provide a number of 

simulated r e f l e c t i o n s  from the  ionosphere a t  i n t e r v a l s  where the r e f l e c t i o n s  

a r e  most l i k e l y  t o  occur. 

T h i s  u n i t ,  moreover, f a c i l i t a t e s  the  design o f  the  o t h e r  c i r c u i t s  i n  

the  automatic recording system.  S p e c i f i c a l l y ,  i t  is  use fu l  i n  determining 

t h e  range of opera t ion  of the  g a t e  genera to r s  and i n  g iv ing a r e l a t i v e  i n d i -  

c a t i o n  of the vol tage  l e v e l s  i n  the  system. By varying the  pos i t ion  and 

peak amplitude of a p a r t i c u l a r  simulated echo,  the  response of the automatie 

recording sys tem may be determined over a wide range of a n t i c i p a t e d  iono- 

spher ic  condi t ions .  

5.2 General Descr ip t ion  

The schematic diagram of t h e  absorpt ion  s i g n a l  s imula tor  i s  shown i n  

Figure 5.1. The output  of the  pulse  genera to r ,  which provides synshroniza- 

t i o n  f o r  the  e n t i r e  automatS.e recording sys tem,  is inver t ed  and appl ied  to  

the  base of a un i junc t ion  t r a n s i s t o r  of a sawtooth genera tor .  The negat ive  

pulse  causes the  e m i t t e r  o f  t h e  uni junct ion  t o  conduct. P o s i t i v e  feedback 

i s  employed and the  c i r c u i t  o s c i l l a t e s  a t  a frequency determined by the  

capac i to r  d i v i d e r  feedback network and by the  amount of cu r ren t  i n j e c t e d  

i n t o  the  base of the  u n i j u m t i o n ,  
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The apparent  he ight  a t  which a r ad io  wave is r e f l e c t e d  from the ionosphere 

i s  equal t o  one-half the  product of the  speed of l i g h t  and the  t i m e  requi red  

f o r  the wave to  t r a v e l  t o  the  ionosphere and back. Assuming the speed of l i g h t  

a s  3 x 10 
5 km/sec, a wave w i l l  t r a v e r s e  an apparent  d i s t ance  of 15 km i n  0 .1  

. msec. Since the  LE-echo usua l ly  0ccurs i n  the he igh t  range from 90 t o  150 k m ,  

the  period of o s c i l l a t i o n  of the sawtooth genera tor  was se lec ted  t o  l i e  i n  the  

range from 0 - 6  to  1 . 0  msec o r  from 1,667 t o  L,OOO cJs. Th i s  frequency range is 

obtained by varying the  base c u r r e n t  of  the uni junct ion  t r a n s i s t o r .  

The output  of the  sawtooth genera tor  i s  then appl ied  to  a Schmitt t r i g g e r  

which changes the sawtooth waveform into a rec tangu la r  pulse ;  the  width of the  

pulse being determined by the  amount of t i m e  t he  output  t r a n s i s t o r  remains i n  

the  "off ts  s t a t e .  A pulse width of 0 . 1  msec is  s e l e c t e d  f o r  normal opera t ion .  

Any desired width may be obtained by changing the  col lec tor- base  coupling 

parameters.  The output  of the  Schmitt t r i g g e r ,  t h e r e f o r e ,  is a continuous 

pulse  t r a i n  synchronized with the  output  of the  pulse  genera to r  and having a 

pulse  r e p e t i t i o n  frequency of 1,000 t o  1,667 c/s and a pulse  width of approxi- 

mately 0 - 1  msec. 

The output  of the g a t e  genera to r  is a l s o  appl ied  t o  a monostable mul t i -  

v i b r a t o r  (MISW). The output  t r a n s i s t o r  of the  MSMV c i r c u i t  remains i n  the  

t'Onf' s t a t e  f o r  a t i m e  determined by the co l l ec to r- base  coupling network and 

by the  base b i a s  appl ied  t o  the input  t r a n s i s t o r ,  The w i d t h  of the  pulse  

- 

may be var ied  from approximately 0.5 t 0  2 .5  msec by changing the  base b i a s  on 

the  input  t r a n s i s t o r .  T h i s  pulse  is  then inver ted  and appl ied  t o  one inpu t  

of a conventional "and" g a t e  
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The output  of the  Sehmitt t r i g g e r  is  fed i n t o  the  o t h e r  inpu t  of the  g a t e  

and the  ga te  remains open f o r  a t i m e  determined by t h e  t i m e  cons tant  of the  

MSMV. The r e s u l t a n t  output  of the  g a t e  i s  the number of pulses  whieh l i e  

wi th in  the  ga t ing  pe r iod ,  with a11 o t h e r  pulses  suppressed. The amplitude of 

the  output  pulses  may be var ied  from approximately l t o  24 v o l t s  by seleet i ing 

the amount of s i g n a l  desired from the  emitter r e s i s t o r  of the  output  t r a n s i s t o r .  

Typical  waveforms of the  absorpt ion  s i g n a l  s imula tor  a r e  shown i n  Figure 

5.2. Figure 5.2a shows the  1E-echo occurr ing  a t  an apparent  he igh t  of r e-  

f l e c t i o n  of 105 km (0.7 msee t i m e  de lay)  and t h e  2E-eeho occurr ing  a t  an 

apparent he igh t  of 210 km (1 .4  m s e e  t i m e  de lay) .  Figure 5.2b d e p i e t s  essen-  

t i a l l y  the same s i t u a t i o n ,  exeept  t h a t  the ampli tudes.of  the  echoes a r e  

somewhat less than i n  the  previous ease ,  If mul t ip le  r e f l e c t i o n s  a r e  t o  be 

s t u d i e d ,  Figure 5 .2c  shows the  case  where three eehoes a r e  p resen t :  the  

1E-echo occurr ing  a t  90 kma the  2E-echo occurring a t  180 km; and the 3E-echo 

oceurring a t  270 km, Any number of echoes may be obtained by ehanging the  

width of the  ga t ing  pulse .  Moreover, the  p o s i t i o n  of the  2E- o r  3E-echo may 

be adjus ted  to  a s u i t a b l e  value t o  s imula te  a r e f l e e t i o n  from the  F- layer of 

the  ionosphere e 

5.3 P r a e t i e a l  Design Considerat ions 

I t  i s  evident  from Figure 5.2 t h a t  the  pulses  generated by the  absorp- 

t i o n  s i g n a l  s imula tor  a r e  an imperfect  r ep resen ta t ion  of received r e f l e c t i o n s  

from the  ionosphere; the s i g n a l s  obtained by eonventional  sounding techniques 

a r e  usua l ly  Gaussian-shaped pfilses, Moreover, the  var ious  eehoes a r e  no t  of 

cons tant  ampli tude,  but vary g r e a t l y  depending on e x i s t i n g  condi t ions .  The 

simulated s i g n a l s ,  however, a r e  s u f f i e i e n t  f o r  l abora to ry  t e s t  purposes, 
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Figure 5 . 2  Typical ou tput  waveforms of t he  absorp t ion  s i g n a l  s imula tor  
i l l u s t r a t i n g  s eve ra l  d i f f e r e n t  s e t t i n g s .  

J 



45 

Since t h e  selected echo i s  i n t e g r a t e d ,  the  shape of the  simulated echo 

f o r  test  purposes i s  n o t  p a r t i c u l a r l y  important ,  a s  long a s  the product of  

the  pulse  width and t h e  pu l se  amplitude is a s a t i s f a c t o r y  represen ta t ion  of 

the a n t i c i p a t e d  s i g n a l .  Moreover, s i n c e  only one echo is  s tud ied  a t  a given 

t i m e ,  t he  amplitude of the  echo s e l e c t e d  by the  g a t e  genera to r  (see Chapter 6 )  

may be ad jus ted  t o  the expected l e v e l .  For example, i f  a comparison of t h e  

s y s t e m  response between the  lE-echo and the  2E-echo i s  requ i red ,  the  output  

of the absorpt ion s i g n a l  s imulator  f o r  the  LE-echo may be selected as 10 

v o l t s ,  whereas the  output  f o r  the  2E-echo may be adjus ted t o  1 v o l t .  Hence, 

a r e l a t i v e  i n d i c a t i o n  of t h e  s y s t e m  response may be obta ined i n  t h i s  manner. 

x 
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6 ,  THE SIGNAL ANALYSIS SUBSYSTEM 

6 1 General Deser ip t ion  

The purpose of t h e  s i g n a l  a n a l y s i s  subsystem i s  t o  measure au tomat iea l ly  

t he  amplitude of t h e  p a r t i e u l a r  r e f l e c t i o n  t o  be s tud i ed  and t o  provide a 

permanent record of t he  v a r i a t i o n  of t h i s  eeho. Assuming the  s y s t e m  has  been 

properly c a l i b r a t e d ,  t h e  reeord i s  the re fo re  a d i r e e t  i nd i ea t ion  of  t he  v a r i -  

a t i o n  i n  t h e  degree of  ionospheric  absorp t ion .  

A block diagram of t he  s i g n a l  a n a l y s i s  subsystem is  shown i n  Figure 6 .1 .  

The s i g n a l  from the  pu lse  genera tor  is used t o  t r i g g e r  a ga t ing  e i r e u i t  which 

produces a g a t e  pulse  a t  a t i m e  determined by the  p a r t i e u l a r  eeho t o  be mea- 

sured .  This pu lse  i s  then gated with t he  r e t u r n  s i g n a l  from the  r eee ive r  and 

the  r e s u l t a n t  ou tput  of t he  eeho s e l e e t o r  i s  the  des i r ed  r e f l e c t i o n ,  where 

a l l  o t h e r  echoes have been suppressed. The s e l e e t e d  eeho i s  i n t e g r a t e d ,  and 

t he  r e s u l t a n t  de  l e v e l  is  amplif ied t o  produee t h e  neeessary A W  vol tage  f o r  

t he  r eee ive r .  The output  of t he  ampl i f i e r  i s  a l s o  appl ied  t o  a comparator 

e i r e u i t  and t h e  d i f f e r ence  between t h i s  vol tage and a f i xed  re fe renee  l e v e l  is  

permanently recorded on a pen recorder .  

Having b r i e f l y  discussed t h e  ope ra t ion  of  t he  s i g n a l  ana lys i s  subsystem, 

it is  now poss ib l e  t o  cons ider  t h e  i nd iv idua l  e i r e u i t s  i n  the  system and t o  

analyze t he  performance of eaeh c i r e u i t .  

6 . 2  Gate Generators 

A s  d iscussed i n  Chapter 1, the  magneto-ionic theory shows t h a t  t he  amount 

of ionospherie  absorp t ion  i s  inve r se ly  propor t iona l  t o  t he  square of  the  oper-  

a t i n g  frequeney [Equation ( l m 1 5 ) ] 0  For t h i s  reason ,  r e l a t i v e l y  low frequencies  
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(1.0 - 4 , O  Mc/s) a r e  genera l ly  s e l e c t e d  f o r  absorpt ion  measurements i n  o rde r  

t h a t  the  e f f e c t  of absorpt ion  on the  t ransmit ted  wave i s  s i g n i f i c a n t  enough t o  

be measured accura te ly ,  S ince  t h e  t ransmit ted  waves i n  t h i s  p a r t i c u l a r  f r e -  

quency range a r e  r e f l e c t e d  from the  E- layer of the  ionosphere the g a t e  genera- 

t o r s  of the  s i g n a l  a n a l y s i s  subsystem were s p e c i f i c a l l y  designed t o  s e l e c t  the  

1E- and 2E-echoes from the  r e t u r n  s i g n a l ,  

The schematic  diagram of the 1E- and 2E-echo ga te  genera to r s  is  shown i n  

Figure 6.2. Assuming t h a t  the s e l e c t o r  switch is  i n  the  LE-echo g a t e  p o s i t i o n ,  

the  output  of the  pulse  genera tor  i s  inver t ed  and appl ied  t o  a monostable 

m u l t i v i b r a t o r  (MSMV). The output  t r a n s i s t o r  of the  MSW remains i n  the  "on" 

o r  uns table  s t a t e  f o r  a t i m e  determined by the  col lec tor- base  coupling time 

constant  and by the  base b i a s  appl ied  t o  the  input  t r a n s i s t o r .  The p o s i t i o n  

of the  pulse ( i a e o  the  amount of t i m e  the output  t r a n s i s t o r  remains i n  the  

uns table  s t a t e )  may be var ied  from approximately 0.3 t o  1 . 0  msec by ad jus t ing  

the  base b i a s  on the  input  t r a n s i s t o r .  

T h i s  s i g n a l  i s  then appl ied  t o  a Schmitt t r i g g e r ,  The output  t r a n s i s t o r  

of t h i s  c i r c u i t ,  which is  i n i t i a l l y  "on", is  turned "off"  when the output  

t r a n s i s t o r  of the MSMV is turned "off r ' -  I t  then remains "off"  f o r  a time 

determined by the  col lec tor- base  t i m e  cons tan t .  Hence, the  width of the  

lE-echo ga te  pulse  may be var ied  from approximately 0 - 1  t o  0 , 5  msec by 

a d j u s t i n g  the  r e s i s t a n c e  af the  co l l ec to r- base  t i m e  cons tan t .  The output  of  

the  Schmitt t r i g g e r  is amplif ied and the  r e s u l t a n t  s i g n a l  may be used t o  

select the  lE-echo from the  r e t u r n  s i g n a l .  

The opera t ion  of the  2E-echo g a t e  genera to r  i s  i d e n t i c a l  t o  t h a t  of the 

lE-echo ga te  genera to r .  The t i m e  cons tan t s  and b ias ing  of the  MSMV and 

Schmitt  t r i g g e r  c i r c u i t s ,  however, a r e  d i f f e r e n t .  Hence, the  p o s i t i o n  of the  
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2E-echo g a t e  pu lse  may be var ied  from approximately 1 , O  t o  2 .0  msec by ad jus t i ng  

t h e  base b i a s  on t he  NMSW i npu t  t r a n s i s t o r .  The width of  t he  2E-echo ga t e  pu lse  

may be var ied  from approximately 0.1, t o  0.5 msec by a d j u s t i n g  the  r e s i s t a n c e  of  

t h e  co l lec tor- base  t i m e  cons tan t  o f  t h e  Schmitt  t r i g g e r .  

I t  is  poss ib l e  t o  design one g a t e  genera tor  capable of covering t he  range 

of opera t ion  of  t h e  lE-echo and 2E-echo ga t e  genera tors .  However, it i s  very 

u se fu l  t o  compare t he  absorp t ion  d a t a  obtained by using the  1E-echo t o  t h a t  

obtained by measuring the 2E-echo. A t y p i c a l  sampling per iod for  t h i s  type of 

s tudy may c o n s i s t  of a ten  minute measurement of  the  lE-echo and a subsequent 

t e n  minute measurement of t h e  2E-echo. The a v a i l a b i l i t y  of  two sepa ra t e  gen- 

e r a t o r s  f a c i l i t a t e s  t h i s  opera t ion  and e l imina t e s  cont inua l  adjustment of t he  

g a t e  pu lse  if only one g a t e  genera tor  i s  employed, 

6 .3  Echo S e l e c t o r  and I n t e g r a t o r  

The sehematie diagram of the  echo s e l e c t o r  and i n t e g r a t o r  c i r c u i t s  i s  

shown i n  Figure 6 .3 .  The purpose of t h i s  u n i t  i s  t o  select t h e  des i red  sky 

wave r e f l e c t i o n  from t h e  r e t u r n  s i g n a l ,  and t o  provide a de ou tput  vo l tage  

propor t iona l  t o  the peak amplitude of the  s e l e c t e d  pu l se ,  

The eeho s e l e c t o r  is  a conventional two input  “and” g a t e  d i r e c t l y  coupled 

t o  an emitter fo l lower .  The output  of t he  g a t e  genera tor  i s  appl ied  t o  one 

i npu t  and the  r e tu rn  s i g n a l  from the  r ece ive r  i s  fed  i n t o  t he  o t h e r  i npu t .  

Only t h a t  por t ion  of t he  r e t u r n  s i g n a l  which f a l l s  wi th in  t he  ga t ing  per iod 

passed by the  g a t e .  The g a t e  pu lse  i s  ad jus ted  t o  include t he  echo t o  be 

s tud i ed  and a l l  o t h e r  echoes and a s soc i a t ed  noise  a r e  suppressed, 

Various waveforms i l l u s t r a t i n g  t h e  opera t ion  of t he  eeho s e l e c t o r  a r e  

is  

shown i n  Figure 6 .4 .  Figure 6 ,4a  shows t h e  ou tput  of t he  absorpt ion s i g n a l  

J 
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s imula tor  c o n s i s t i n g  of t he  ground 

(210 km) Figure 6.4b d e p i c t s  the  

t he  simulated s i g n a l ;  t he  width of 

case  i n  which t he  2E-echo has been 

pu l se ,  t h e  1E-echo (105 k m ) ,  and the 2E-echo 

case  where t h e  lE-echo has  been s e l e c t e d  from 

t h e  1E-echo g a t e  pu lse  being 0.35 msec. The 

ga ted  from t h e  simulated s i g n a l  i s  shown i n  

Figure 6 . 4 ~ ~  where t h e  width of t he  2E-echo ga t e  pulse  i s  a l s o  0.35 msec. 

There is  a cons tan t  de  l e v e l  o r  "pedestal"  of approximately 0.7 v o l t s  

assoc ia ted  with the  genera t ion  of the g a t e  pulse  a s  shown i n  Figure 6 .4 .  This  

allows v i s u a l  pos i t i on ing  of t h e  g a t i n g  per iod,  Since t h i s  l e v e l  is  in t eg ra t ed  

along with the  s e l e c t e d  echo pu l se ,  i t s  e f f e c t  must be el iminated by properly 

c a l i b r a t i n g  t h e  s y s t e m  tak ing  t h i s  l e v e l  i n t o  account.  

The output  of t he  echo s e l e c t o r  i s  coupled t o  a peak d e t e c t o r  by means of 

an emitter  fo l lower .  The 0 .5  vf capac i to r  can be f u l l y  charged i n  t h e  du ra t ion  

of a few pulses  and can discharge f a s t  enough, with i t s  t i m e  cons tan t  o f  0 .5  sec, 

t o  follow accu ra t e ly  t he  fad ing  of t he  pu lse  s i g n a l ;  assuming t h a t  t he  average 

fading per iod is  of t h e  o rde r  of 5 t o  10 see. 

The output  of t he  peak d e t e c t o r  i s  connected t o  an  i n t e g r a t o r  c i r c u i t  

wi th  a t i m e  cons tan t  of 47 sec, so t h a t  t he  output  vo l tage  i s  e f f e c t i v e l y  a 

"running mean" of the  s i g n a l  amplitude over  t h i s  t i m e .  A s  mentioned i n  Chapter 4 ,  

the  capac i to r  of t he  i n t e g r a t o r  c i r c u i t  must have low leakage. For t h i s  reason,  

f i v e  2 pf mylar capac i to r s  were c a r e f u l l y  s e l e c t e d  and connected i n  p a r a l l e l  t o  

ob t a in  t he  requi red  capaci tance.  

To e l imina t e  any change i n  t he  t i m e  cons tan t  of t he  i n t e g r a t o r  c i r c u i t  by 

e x t e r n a l  load ing ,  t he  ou tput  of t he  i n t e g r a t o r  i s  connected t o  a Darl ington 

c i r c u i t ,  which has  a very high input ' impedance approximately equal  t o  t h e  product 

of the  common-emitter forward cu r r en t  ga in  (h ) squared and t h e  e m i t t e r  r e s i s t a n c e  f e  
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of the output  t r a n s i s t o r .  The t r a n s i s t o r s  s e l e c t e d  f o r  t h i s  s t age  have a minimum 

of  70, so  t h a t  the  e f f e c t i v e  input  impedance of t h i s  c i r c u i t  is  approximately hfe  

50 megohms. S ince  t h i s  value i s  much g r e a t e r  than t h e  4 - 7  megohm r e s i s t o r  of t h e  

i n t e g r a t o r  t i m e  cons t an t ,  the  e f f e c t  of loading on the  i n t e g r a t o r  c i r c u i t  is  

e s s e n t i a l l y  e l imina ted .  

6 4 Amplifier and Comparator 

The slowly-varying dc output  of t he  Darl ington c i r c u i t  i s  d i r e c t l y  coupled 

t o  a two-stage dc ampl i f i e r  t o  provide t h e  necessary A N  vol tage f o r  the r e c e i v e r ,  

The AGC vol tage i s  a l s o  appl ied  t o  a comparator c i r c u i t  and t h e  d i f f e r ence  be- 

tween t h i s  vo l tage  and a f i xed  re fe rence  l e v e l  is permanently recorded. 

A schematic diagram of the de ampl i f i e r  and comparator c i r c u i t s  i s  shown 

i n  Figure 6.5. The f i r s t  s t age  o f  the  dc ampl i f i e r  i s  a d i f f e r e n t i a l  ampl i f i e r  

c o n s i s t i n g  of t r a n s i s t o r s  Q 1, Q,, and Q5. 

emitter vol tage drop of the  t r a n s i s t o r s  i s  neg l ig ib l e  and t h a t  the  common-base 

forward cu r r en t  g a i n  (h ) i s  u n i t y ,  i t  can be shown t h a t  the open-loop ga in  of 

t h e  f irst  s t age  is  approximately equa l  t o  the r a t i o  of t he  c o l l e c t o r a r e s i s t a n c e ,  

of Q1 and the  sum of t he  emitter r e s i s t a n c e s  of Q 

source (Q ) is  used t o  produce t h e  required emit ter  c u r r e n t  and t o  s t a b i l i z e  

t h e  opera t ion  of the d i f f e r e n t i a l  amp l i f i e r .  

Under t h e  assumptions t h a t  t he  base- 

f b  

and Q,. A cons tan t  c u r r e n t  1 

5 

The output  of the  f i rs t  s t a g e ,  which i s  propor t iona l  t o  t h e  d i f f e r ence  

between the  vo l tages  appl ied  t o  the. bases of Q 

by a second s t a g e  c o n s i s t i n g  of t r a n s i s t o r s  Q 

g a i n ,  Go’ of t he  a m p l i f i e r ,  t h e r e f o r e ,  i s  the product o f  the ind iv idua l  ga ins  

of  the f i r s t  and second s t ages .  With the  values  i nd i ca t ed  i n  Figure 6.5, Jhe 

and Q,, is f u r t h e r  amplif ied 1 

and Q4’ The t o t a l  open-loop 3 

open-loop g a i n  of t h e  d e  ampl i f i e r  i s  approximately 60, 
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For increased c i r c u i t  s t a b i l i t y ,  a feedback path is  employed from the emitter 

of the output  t r a n s i s t o r  (Q ) to  the  base of Q of the  d i f f e r e n t i a l  ampl i f ie r :  

The feedback network is  an a d j u s t a b l e  vol tage  d i v i d e r ;  the  amount of the  output  

s i g n a l  appl ied  t o  t h e  base of Q being equal  t o  the  r a t i o  of the  r e s i s t a n c e  from 

the  base of Q to  ground and the  t o t a l  r e s i s t a n c e  from the e m i t t e r  of Q t o  ground. 

I f  the  amount of  feedback i s  designated by f ,  t h e  closed- loop g a i n ,  G ,  of 

4 2 

2 

2 4 

the  sys tem may be expressed a s  Go/(l + fGo). 

closed- loop g a i n  of the  dc ampl i f i e r  i n  Figure 6 .5  may be va r i ed  from 6 t o  18, 

This  ga in  i s  s u f f i c i e n t  t o  provide the  necessary AGC vol tage  f o r  the  r e c e i v e r  

By changing the  value of f ,  the  

over the expected range of inpu t  ampli tudes.  

The output  of t h e  dc a m p l i f i e r  i s  coupled t o  t h e  base of Q of a comparator 

c i r c u i t ,  which i s  e s s e n t i a l l y  a d i f f e r e n t i a l  a m p l i f i e r .  A f ixed reference  v o l t -  

6 

age i s  appl ied  t o  the  base of Q The d i f fe rence  i n  the  c o l l e c t o r  vol tages  of 

these two t r a n s i s t o r s  i s  then measured by a dc micro-ammeter (0 - 500 p a )  of an 

Amprobe pen recorde r .  A cons tan t  c u r r e n t  source (Q ) i s  used t o  provide addi- 

t i o n a l  c i r c u i t  s t a b i l i t y .  

7' 

8 

For normal o p e r a t i o n s ,  the re fe rence  vol tage  is  s e l e c t e d  a t  5 .4  v o l t s ,  

which i s  the  minimum AGC vol tage  t h a t  can be appl ied  t o  the  rece ive r  (see 

Figure 3 .5) .  The c i r c u i t  is  c a l i b r a t e d  by applying the  f ixed  reference  vol tage  

simultaneously t o  the  bases of Q and Q and observing the cur ren t  reading.  If 

the c i r c u i t  is  balanced,  the  c o l l e c t o r  voltages a r e  equal  and, hence, the  meter 

6 7 

is zeroed.  

o rde r  t o  o b t a i n  a balanced c i r c u i t , .  

I t  was necessary t o  select matched t r a n s i s t o r s  f o r  Q6 and Q7 i n  

Since  the  maximum AGC vol tage  f o r  the  r e c e i v e r  was s e l e c t e d  as  11 v o l t s ,  

i t  i s  a l s o  necessary t o  c a l i b r a t e  t h e  meter f o r  a f u l l - s c a l e  reading of 5 0 0 p a  
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with t h e  a p p l i c a t i o n  of  t h i s  vo l tage .  This  was accomplished by s imultaneously 

applying a f i xed  value of  11 v o l t s  t o  t h e  base of Q and t h e  re fe rence  vol tage  

of 5.4 v o l t s  t o  t h e  base of  Q7" The resistance between t h e  c o l l e c t o r s  is  then  

ad jus ted  u n t i l  a f u l l - s c a l e  d e f l e c t i o n  of t h e  meter i s  obtained.  Hence, t h e  

6 

input  vo l tage  ( i . e .  t h e  r e c e i v e r  AGC vo l tage)  i s  l i n e a r l y  propor t iona l  t o  the  

cu r r en t  measured i n  microamperes. The meter reading i s  permanently recorded 

on a s t r i p  c h a r t ,  thus  g iv ing  an immediate i n d i c a t i o n  of the  amount of iono- 

sphe r i c  absorp t ion ,  

I n  o rde r  t o  f a c i l i t a t e  t h e  c a l c u l a t i o n  of e l e c t r o n  dens i ty  p r o f i l e s  from 

the  absorp t ion  da t a  (see Chapter 81, an a l t e r n a t e  method of recording t h e  

r ece ive r  AGC vo l tage  (and, t h e r e f o r e ,  t h e  amount of  ionospheric  absorp t ion)  

w i l l  be employed, The output  o f  t h e  dc  ampl i f i e r  w i l l  be measured by a d i g i t a l  

vol tmeter  and recorded by a Ta l ly  punched-tape recorder  (see  Figure 4 .1 ) .  The 

da ta  w i l l  then be i n  a form amenable t o  f u r t h e r  c a l c u l a t i o n s  on a computer, 

/ 

6 , s  Mathematical Analysis of t h e  S igna l  Analysis Subsystem 

I t  is  d i f f i c u l t  t o  analyze t he  ope ra t ion  of the  automatic recording system, 

s ince  t he  Am c h a r a c t e r i s t i c  curve  of  t h e  r ece ive r  cannot accu ra t e ly  be expressed 

mathematically.  However, i f  a l i n e a r  approximation of t he  curve is assumed, the  

fol lowing a n a l y s i s  may be made, 

The r e c e i v e r  AGC c h a r a c t e r i s t i c  curve may be l i n e a r l y  expressed over  a 

l im i t ed  range as 

(6.1)  
A 

'b 
loglo M, = A - - Va 

where M, i s  t h e  g a i n  of t h e  receiver, V is  the  r e c e i v e r  AW vo l t age ,  V i s  a 

cons tan t  equal t o  V when a = 1, and A i s  t h e  value of  l og  a when V = 0. 

a b 

a 10 a 
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Referr ing  t o  Figure 6 . 1 ,  the  output  of the  r e c e i v e r  i s  aI, where I is t h e  

amplitude of the  p a r t i c u l a r  r e f l e c t i o n  to  be measured. The input  to  the  i n t e-  

g r a t o r  i s  K aI, where M i s  the  c i r c u i t  ga in  cons tan t  of the  echo s e l e c t o r .  I f  

the  g a i n  cons tan t  of the  i n t e g r a t o r  is  designated a s  K and the  ga in  of the  de 

a m p l i f i e r  a s  K 

I" 1 

2 

the  r e s u l t a n t  AW vo l t age ,  V a s  for the  receiver may be expressed 
3 9  

a s  K M K nI. 1 2 3  

The output  of the  comparator c i r c u i t ,  Vc ,  may then be w r i t t e n  a s  

where M4 is  the  ga in  cons tan t  of the  cornparator c i r c u i t  and V 

reference  vo l t age ,  This  equat ion  may be expressed a s  

i s  the  f ixed  
o 

K4v0 V = K a I -  c 5 (6 .3)  

6.4) 

K 2 >  K3, and Rewriting 1' where K is the  r e s u l t a n t  ga in  cons tan t  of M 
5 

equat ion  k6.4) i n  logar i thmic  form g ives  

and s u b s t i t u t i n g  equat ion  (6%. 1) i n t o  t h i s  express ion  y i e l d s  

'c * '4'0 A loglo I = log  - 10 K5 
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A s  shown i n  Chapter 2 ,  the  amount of ionospher ic  absorp t ion ,  L,  i s  propqr- 

t i o n a l  t o  the  logari thm of the  amplitude of the  r e f l e c t i o n  t o  be s t u d i e d ,  

assuming, of course ,  t h a t  the  t r a n s m i t t e r  output  power is  cons tan t .  It  i s  

evident  from equat ion  (6 .6 )  t h a t  the  v a r i a t i o n  of ionospheric absorpt ion  i s  

l i n e a r l y  propor t ional  t o  

'e -!- K4Vo A 
-I- - va 

log lo  Kg 'b 
( 6 . 7 )  

where the  only v a r i a b l e  i s  V s i n c e  V is  determined by the value of V 

(Equation 6 .2 )  

a '  C a 

Examination of equat ion  (6 .7 )  shows t h a t  the v a r i a t i o n  of absorpt ion  i s  

almost d i r e c t l y  propor t ional  t o  V 

v a r i e s  much more slowly than the  quan t i ty  AV /V 

the  value of V i s  smal l .  

s i n c e  the  quan t i ty  loglo [(Vc + K V )/K5] a '  4 0  

T h i s  is  e s p e c i a l l y  t r u e  when a b '  

a 

Therefore ,  if a vol tage  d i r e c t l y  propor t ional  to  the  receiver AGC vol tage  

V i s  recorded ( e . g . ,  '@I > i t  w i l l  vary almost l i n e a r l y  according t o  the  

v a r i a t i o n  i n  the  amount of ionospher ic  absorpt ion .  The absorpt ion  l e v e l ,  L ,  

may then be read d i r e c t l y  from the  pen recorde r ,  providing the  s c a l e  has been 

s u i t a b l y  c a l i b r a t e d ,  

a 
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7 THE ECHO-HEIGHT RECORDING SUBSYSTEM 
I "  

7 . 1  Purpose of the  System 

The purpose of the  echo-height recording subsystem i s  t o  measure automat- 

i c a l l y  the  apparent  h e i g h t  a t  which a r a d i o  wave i s  r e f l e c t e d  from the  iono- 

sphere .  This  d a t a  i s  use fu l  i n  t h a t  i t  g i v e s  a r e l a t i v e  i n d i c a t i o n  of the 

v a r i a t i o n  i n  the  r e f l e c t i o n  l a y e r  being s tud ied .  

Moreover, a s  d iscussed i n  Chapter 2 ,  the  amount of ionospher ic  absorp t ion ,  

L ,  is  dependent on the apparent  he igh t  of r e f l e c t i o n .  Equation (2.10) may be 

expressed a s  

L = 2 0  log  G - 20 log  1 - 20 log  h '  
1 

where I i s  the  f i r s t - o r d e r  echo,  G i s  a c a l i b r a t i o n  cons tan t ,  and h P  i s  the  1 

apparent  he igh t  of r e f l e c t i o n .  Hence, f o r  p rec i se  c a l i b r a t i o n  of the  auto-  

matic recording s y s t e m ,  i t  is  use fu l  t o  have s 0 m e  i n d i c a t i o n  of how the  value 

of h 9  i s  varying.  Moreover, i f  the  v i s u a l  measurement technique d iscussed  i n  

Chapter 3 is  employed, i t  is  necessary t o  determine h '  before the f i n a l  c a l -  

c u l a t i o n  of the  absorpt ion  l e v e l ,  L) may be made. 

7.2 General Descr ip t ion  

A block diagram of t h e  echo-height recording subsystem is  shown i n  

Figure 7.1.  The output  of the  pulse  genera to r  is used t o  set  a b i s t a b l e  

m u l t i v i b r a t o r  (SSMV) c i r c u i t .  This  pulse  i s  then gated  w i t h  a c r y s t a l -  

c o n t r o l l e d  square wave genera to r  aznd the  g a t e  remains open u n t i l  t he  BSMV i s  

reset by the p a r t i c u l a r  r e f l e c t i o n  passed by the echo s e l e c t o r .  The r e s u l t a n t  

ou tpu t  of the g a t e ,  t h e r e f o r e ,  i s  the  number of c y c l e s  of the  square wave 
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genera to r  frequency which f a l l  w i th in  the  g a t i n g  per iod.  The number of cycles i s  

recorded on an e l e c t r o n i c  coun te r ,  thus  g iv ing a r e l a t i v e  i n d i c a t i o n  of the  

apparent  he igh t  a t  which the  p a r t i c u l a r  r e f l e c t i o n  of the  r ad io  wave occurs .  

A schematic diagram of t h e  echo-height recording subsystem is shown i n  

Figure 7 . 2 ,  The g a t e  pulse  i s  produced by a set-reset b i s t a b l e  mul t iv ib ra to r  

c i r c u i t .  

"o f f t t  ( s e t )  by the  output  of the  pulse generaltor. I t  then remains i n  t h i s  s t a t e  

u n t i l  i t  i s  turned "on" ( r e s e t )  by the  output  of the  echo s e l e c t o r .  The width of 

the  g a t e  p u l s e ,  t h e r e f o r e ,  is  equal  to  the  elapsed time between the  transmission 

The output  t r a q s i s t o r  of the  BSMV, which is i n i t i a l l y  ''on'', i s  turned 

of the  pulse and the  subsequent recept ion  of the  p a r t i c u l a r  echo t o  be s t u d i e d ,  

The square wave genera tor  c o n s i s t s  e s s e n t i a l l y  of a c rys ta l- con t ro l l ed  

sine-wave o s c i l l a t o r  and a Schmitt t r i g g e r .  The o s c i l l a t o r  i s  a conventional 

tuned-tank c i r c u i t  i n  which p o s i t i v e  feedback i s  employed through a s e r i e s  

c r y s t a l ,  The sine-wave output  of the  o s c i l l a t o r  i s  then converted t o  a pulse  

waveform by use of the  Schmitt t r i g g e r ;  the  width of the  pulse being determined 

by the  col lec tor- base  t i m e  cons tan t .  The width of the  pulse  i s  not  p a r t i c u l a r l y  

important providing t h a t  i t  i s  s u f f i c i e n t  t o  be recorded by the  counter ,  

A s  mentioned i n  Chapter 4 ,  the  apparent  he igh t  a t  which a r ad io  wave is 

r e f l e c t e d  from the  ionosphere i s  equal  t o  one-half the  produet of the  speed OP 

l i g h t  and the  time requi red  f o r  the  wave t o  t r a v e l  t o  t h e  ionosphere and back. 

It  can be shown t h a t  one cycle  of 149.900 kc/s corresponds t o  an apparent  c 

d i s t ance  of 1 km, assuming the  speed of l i g h t  a s  2.998 x lo5  km/sec. Hence, 

t h i s  p a r t i c u l a r  ope ra t ing  frequency was chosen f o r  the  o s c i l l a t o r  c i r c u i t .  

number of cyc les  recorded on t h e  coun te r ,  t h e r e f o r e ,  i s  a d i r e c t  i n d i c a t i o n  of 

The 

the  apparent  r e f l e c t i o n  height  of the  r a d i o  wave i n  k i lometers .  
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Typical  waveforms of the  echo-height recording subsystem a r e  shown i n  

Figure 7 .3 .  Figure 7 ,3a  shows t h e  output  of the  absorpt ion s i g n a l  s imula to r  

c o n s i s t i n g  of  the  ground pu l se ,  the  1E-echo (105 km), and the  2E-echo (210 km), 

The case  i n  which the  apparent  r e f l e c t i o n  he igh t  of t h e  1E-echo i s  measured is  

shown i n  Figure 7.3b,  The number of cycles of the  o s c i l l a t o r  frequency recorded 

by the  counter  would be 105 cycles f o r  t h i s  case .  Figure 7 . 3 ~  d e p i c t s  t h e  case  

i n  which the  apparent  he igh t  of r e f l e c t i o n  of t h e  2E-echo i s  measured. The 

counter  would , the re fo re  record 210 c y c l e s  corresponding t o  an apparent  h e i g h t  

of r e f l e c t i o n  of 210 k i lomete r s ,  Any change i n  the  apparent  r e f l e c t i o n  he igh t  of 

t h e  s e l e c t e d  echo w i l l  cause a corresponding change i n  the  width of  the  g a t e  

pulse ;  hence, a s  t h e  apparent  r e f l e c t i o n  h e i g h t  v a r i e s ,  the  number of cycles 

recorded by the  counter  w i l l  vary accordingly.  

7 . 3  P r a c t i c a l  Design Considera t ions  

Since the  o s c i l l a t o r  c i r c u i t  of t h e  echo-height recording subsystem 

opera tes  cont inuously ,  the  g a t e  pulse  may s t a r t  and end a t  any t i m e  dur ing a 

p a r t i c u l a r  cyc le  of the opera t ing  frequency. Hence, the  number of cycles 

recorded by t h e  counter  is accura te  t o  2 1 c y c l e ,  or 1 km of he igh t .  This 

accuracy i s  s u f f i c i e n t  f o r  a l l  proposed a p p l i c a t i o n s  of  the  sys t em.  

It is  ev iden t  from Figure 7 . 3  t h a t  the  echo-height recording subsystem 

measures the  t i m e  de lay between t h e  i n i t i a l  occurrence of the  ground pulse  and 

the  t i m e  a t  which the  s e l e c t e d  echo begins t o  occur.  I n  p r a c t i c e ,  the  r e t u r n  

s i g n a l s  a r e  not  r ec tangu la r  pu l ses  a s  shown i n  Figure  7 . 3 ,  but a r e  Gaussian- 

shaped due t o  the  e f f e c t  of the  tuned c i r c u i t s  i n  t h e  r e c e i v e r .  This method 

of  measuring the  t i m e  d e l a y ,  however, is s t i l l  v a l i d  and no appreciable  e r r o r  
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Figure 7.3 Various waveforms i l l u s t r a t i n g  t he  opera t ion  of 
t he  echo-height recording subsystem. 
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is introduced i n t o  the  measurement of the  apparent  r e f l e c t i o n  he igh t  by t h i s  

technique. 

An a l t e r n a t e  method of determining the  t i m e  de lay  between t h e  ground 

pulse  and the  s e l e c t e d  r e f l e c t i o n  is  t o  measure the  d i f f e r e n c e  between the  

t i m e s  of occurrence of the  peak amplitudes of the  two pu l ses .  However, i n  

cases  where the re  is  severe  " s p l i t t i n g "  of the  selected echo,  t h i s  method i s  

not  v a l i d .  When " s p l i t t i n g"  is p r e s e n t ,  t w o  or more peaks w i l l  u sua l ly  occur 

and the  s y s t e m  w i l l  only measure the  t i m e  of occurrence of the  f i r s t  peak. 

This  i s  no t  the  same t i m e  of occurrence of the  peak which would occur i f  t h e r e  

were no " s p l i t t i n g" .  

s e n t l y  being employed and no a d d i t i o n a l  precaut ions  need be taken i n  t h i s  

This  problem i s  no t  encountered i n  the  technique pre-  

regard .  
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Typical  absorp t ion  records of t he  automatic recording system a r e  shown i n  

Figures  8.1 and 8 - 2 .  Figure 8 . l a  shows t h e  s c a l i n g  of t he  pen recorder  and a 

c a l i b r a t i o n  of t he  system us ing  the  LE- and 2E-echoes. The recorder  s c a l i n g  

curve i s  obtained by applying variou.s values  o€ t h e  r ece ive r  ACE vo l tage  t o  

t h e  comparator c i l -cui t ;  each value of t he  appl ied  vo l tage  corresponding t o  a 

5 db increment of r ece ive r  a t t enua t ion  (Wigure 3 .5) .  The recorded meter read- 

ing  i s  thus a d i r e c t  i n d i c a t i o n  of t he  ga in  of t h e  r ece ive r  f o r  a given value 

of the  ACE vo l tage .  

C a l i b r a t i o n  of t he  system is  accomplished by a l t e r n a t e l y  measuring the  

amount of absorp t ion  of  t he  LE- and 2E-e&hoes, From equat ion (2 .10) ,  the  

c a l i b r a t i o n  cons tan t  of the  system, 20 Log 6, may be expressed a s  

20 Log G LII 20 log  1 4- 20 l o g  h '  .f L (8.1) 1 

where 1 i s  t he  amplitude of t he  LE-echo, h P  is  the  apparent r e f l e c t i o n  
l d 

h e i g h t ,  and L i s  the  amount of ionospheric  absorp t ion  equal  t o  -20 log  p. 

Moreover, t h e  amount of absorp t ion  determined by measurement of t h e  

2E-echo [Eq,uation & 2 . 1 l ) ]  may be w r i t t e n  a s  

2L = 20 l o g  G 20 log p - 20 Log I2 - 20 l og  (2h ' )  (8.2) iz 

where I i s  the  amplitude of the 2E-echo and p i s  the  apparent r e f l e c t i o n  

c o e f f i c i e n t  of t he  ground, Assuming t h a t  p is  un i ty  ( i n e o ,  t h e  ground i s  

a p e r f e c t  r e f l e c t o r ) ,  s u b s t i t u t i o n  of equat ion (8-1) i n t o  t h i s  expression 

y i e l d s  

2 g 

g . .  

L = 20 log  I - 20 log  1 - 20 log  (2h ' /h ' ) .  (8.3) 1 2 



Figure 8 .1  Typical  records of t h e  automatic recording system i l l u s t r a t i n g  
the  v a r i a t i o n  i n  absorpt ion  of the  1E-echo. 

J 
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Figure 8 , 2  Typical  Jkecords of the  automatic recording system i l l u s t r a t i n g  
the  v a r i a t i o n  i n  absorpt ion  of the  1B-echo. 

e 
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Hence, by a l t e r n a t e l y  measuring the  values of 20 log  I 

amount of ionospher ic  absorp t ion ,  L ,  f o r  a given sampling period may be d e t e r -  

and 20 log 12' t h e  
1 

mined. This  value may then be s u b s t i t u t e d  i n t o  equation (8.1) t o  ob ta in  the  

c a l i b r a t i o n  cons tant  of the  sys tem,  20 log  G. 

In g e n e r a l ,  t he  measurements of 20 log  I1 and 20 log  I2 a r e  usua l ly  made 

a t  n i g h t  when the  absorpt ion  is  r e l a t i v e l y  smal l .  However, a t  the  p a r t i c u l a r  

time t h a t  measurements were being made, the  t ransmit ted  s i g n a l  penet ra ted  the  

E- layer during the  nightt ime hours.  Hence, i t  was necessary t o  c a l i b r a t e  the  

system during the  day when E- layer r e f l e c t i o n s  were p resen t .  L i t t l e  e r r o r  was 

introduced i n t o  the  system c a l i b r a t i o n  s i n c e  the  amplitudes of the  observed 

echoes were s u f f i c i e n t l y  l a r g e  t o  be measured accura te ly .  

Referr ing t o  Figure 8 . . l a ,  the  mean value of 20 log  I f o r  the  sampling 1 

period i s  52 db,  inc luding the  20 db e x t e r n a l  a t t e n u a t i o n ,  and the  mean value 

02 20 log  I2 i s  8 db. Since the  value of 20 log  (2h ' /h ' )  is  6 db, the  amount 

of ionospheric absorp t ion ,  L ,  f o r  the  sampling period i s  38 db. The apparent  

he igh t  of r e f l e c t i o n  of the  1E-echo was determined t o  be 115 km by use of the  

echo-height recording subsystem; hence, the  value of 20 log  h '  i s  approximately 

41 db. From equation (8*1), the  c a l i b r a t i o n  cons tant  of t h e  sys tem,  20 log  G ,  

is  the re fo re  131 db. Assuming t h a t  the re  is  no s i g n i f i c a n t  change i n  the  

apparent  r e f l e c t i o n  height  during subsequent measurements, the  amount of 

absorpt ion  a t  any given t i m e  may then be obtained by simply s u b t r a c t i n g  the  

recorded value of 20 log I from 90 db ( i * e . ,  20 log G - 20 log h'). 1 

For example, Figure 8 . l b  shows the  v a r i a t i o n  of absorpt ion  from 1200 EDST 

t o  1232 EDST. The value of 20 log  I remains e s s e n t i a l l y  cons tant  a t  approxi- 1 

mately 50 db. Hence, the  amount of ionospheric absorpt ion  is  approximately 
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40 db during t h i s  per iod .  Figure 8 . 1 ~  i l l u s t r a t e s  the  ease i n  which the  absorp- 

t i o n  reaches its maximum l e v e l  ( i . e .  the  amplitude of the  received r e f l e c t i o n  

is  a minimum). The amount of absorpt ion  inc reases  from a value of approximately 

52 db a t  1350 EDST t o  a maximum value of 60 db a t  1400 EDST. k t  then gradual ly  

decreases t o  45 db a t  1420 EDST. 

A t y p i c a l  record of  the  absorpt ion  of the  1F-echo during sunset  is shown 

i n  Figure 8.2. The recorded value of the  P-echo amplitude is  approximately 

57 db a t  1625 EDST and g radua l ly  inc reases  t o  a value of 69 db a t  1846 EDST. 

This corresponds t o  a decrease of 12 db i n  ionospheric absorpt ion  over t h i s  

t i m e .  This  record c l e a r l y  demonstrates the  e f f e c t  of the  sun 's  r a d i a t i o n  on 

the  amplitude of r ad io  waves r e f l e c t e d  from t h e  ionosphere. 

I 

A s  a r e s u l t  of the  records ob ta ined ,  proposed modificat ions of the  auto-  

matic recording s y s t e m  t o  optimize i t s  performance include the  following: 

(i) Increas ing the  dynamic range of the  Am system from 40 db t o  

approximately 70 db t o  e l imina te  the  necess i ty  of changing 

s c a l e s  by use of an e x t e r n a l  a t t e n u a t o r ,  

(ii) Modifying the  AW c i r c u i t  t o  l i n e a r i z e  t h e  r ece ive r  Am charac-  

te r i s t ic ,  thus  permi t t ing  a more l i n e a r  v a r i a t i o n  of absorpt ion  

with recorder  def Eection. 

The u l t ima te  ob jec t ives  of absorpt ion  s t u d i e s  a r e  t o  i n t e r p r e t  the  

absorption da ta  i n  terms of the  i o n i z a t i o n  d e n s i t y  and c o l l i s i o n  frequency a s  

funct ions  of he igh t  i n  the absorbing region and t o  determine how these  func- 

t i o n s  vary with such f a c t o r s  a s  t i m e  of day, geographical  l o c a t i o n ,  and s o l a r  

a c t i v i t y .  Future i n v e s t i g a t i o n s  of  absorpt ion  phenomena w i l l  inc lude  a 

comparison of the  r e s u l t s  obtained from the sounding rocket  program of the 

Aeronomy Laboratory and t h a t  obtained by use of t h e  automatic recording system. 

1 

c 
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Moreover, it i s  a n t i c i p a t e d  t h a t  the  e x i s t i n g  sounding system w i l l  be 

modified t o  t ransmit  and rece ive  t w o  or more d i f f e r e n t  f requencies ,  A com- 

par ison of the  absorpt ion  da ta  obtained on the  d i f f e r e n t  f requencies  may then 

be used t o  c a l c u l a t e  an e l e c t r o n  d e n s i t y  p r o f i l e  o f  the  ionodphere over a 

l i m i t e d  he igh t  range. The punched-tape recording s y s t e m  described i n  Chapter 

4 w i l l  be employed i n  o rde r  t h a t  the  obtained da ta  w i l l  be i n  a form amenable 

t o  c a l c u l a t i o n  of the e l e c t r o n  d e n s i t y  p r o f i l e  on a computer. In  add i t ion  t o  

recording absorpt ion  d a t a ,  the  punched-tape system w i l l  be commutated t o  record 

apparent  r e f l e c t i o n  he igh t  da ta  obtained by the  echo-height recording subsystem,  

Shapley and Beynon (1965) have r e c e n t l y  proposed a new app l i ca t ion  f o r  

absorpt ion  measurements. Thei r  work has shown t h a t  the re  is a d e f i n i t e  

c o r r e l a t i o n  between the  winter  anomaly i n  ionospheric absorpt ion  and the  tem- 

pera ture  i n  the  upper s t r a t o s p h e r e  a t  middle l a t i t u d e s .  S p e c i f i c a l l y ,  they 

es t ab l i shed  t h a t  the  temperature a t  the  10 mB l e v e l  (approximately 30 km) was 

h ighly  dependent on the  change i n  the  amount of ionospheric absorption i n  the  

D- and lower E-regions; the  g r e a t e r  the absorp t ion ,  the h igher  the temperature 

a t  t h i s  l e v e l .  Future i n v e s t i g a t i o n  of t h i s  phenomenon might c o n s i s t  i n  a 

program of s e l e c t e d  rocket  f i r i n g s  a t  t i m e s  when the  amount of ionospheric 

absorpt ion  i s  abnormally high.  Temperature and pressure  da ta  could be obtained 

by the  rocket  and compared with simultaneous measurements of absorpt ion  ob- 

ta ined by the  automatic recording system, thus  g iv ing a new i n s i g h t  i n t o  the  

mechanisms producing t h i s  e f f e c t .  

I t  i s  evident  from the preceding d i scuss ion  t h a t  the  measurement of ab- 

sorp t ion  i s  a powerful technique i n  the s tudy of ionospheric phenomena. The 

automatic recording system w i l l  p e r m i t  a more ex tens ive  absorpt ion  measurement 
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program w i t h  a g r e a t e r  economy of e f l o r t  t han  the  v i s u a l  measurement method 

p r e s e n t l y  belng used by t h e  Aeronomy Laboratory.  
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